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(54) SIC SUBSTRATE. SiC SEMICONDUCTOR ELEMENT. AND METHOD 
(57)Abstract 

PROBLEM TO BE SOLVED: To provide a large capacity of SiC 
substrate whose power loss is small, an SiC semiconductor element, 
and a method for manufacturing this by providing a means for 
reducing contact resistance between an SiC substrate back face 
and an ohmic electrode. 

SOLUTION: An injection layer 12 is formed by irijecting dopant ions 
13 whose density is not less than the carrier density of an SiC balk 
substrate 11 in multi-levels on the back face of the SiC balk 
substrate 11. Afterwards, the substrate is heated in a CVD. and an 
SiC epitaxial growth layer 1 4 is formed on the SiC balk substrate 1 1 . 
At the same time, the dopant ions injected to the back face of the 
substrate are activated, and an impurity dope layer 15 is formed. 
The impurity dope layer 15 is formed on the back face side of the 
substrate so that contact resistance can be reduced at the time of 
forming an ohmic electrode on the back face of the substrate, and 
that a large capacity of SiC semiconductor element whose power 
loss is small can be manufactured. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A SiC substrate comprising: 
A SiC bulk board. 

An impurity dope layer which consists of SiC which is provided in the field side which counters the principal surface 
of the above-mentioned SiC bulk board, and contains an impurity by different concentration from an interior area of 
the above-mentioned SiC bulk board. 

[Claim 2]A SiC substrate, wherein a conductivity type of an impurity contained in an interior area and the above- 
mentioned impurity dope layer of the above-mentioned SiC bulk board is mutually the same in the SiC substrate 
according to claim 1 and the above-mentioned impurity dope layer contains an impurity at high concentration rather 
than an interior area of the above-mentioned SiC bulk board. 

[Claim 3]A SiC substrate, wherein an epitaxial growth layer which consists of SiC grown epitaxially on the principal 
surface of the above-mentioned SiC substrate in the SiC substrate according to claim 1 or 2 is provided further. 
[Claim 4]A SiC substrate, wherein a peak of impurity concentration contained [ any / one ] in the above-mentioned 
impurity dope layer in a SiC substrate of a statement among claims 1-3 is in a field less than 1000 nm deep from 
the surface among the above-mentioned impurity dope layers. 
[Claim 5]A SiC semiconductor device comprising: 
A SiC bulk board. 

An epitaxial growth layer which consists of SiC containing an impurity grown epitaxially on the principal surface of 
the above-mentioned SiC bulk board. 

At least one upper electrode which consists of conductors provided on the above-mentioned epitaxial growth layer. 
A lower electrode used as an impurity dope layer which consists of SiC which contains an impurity provided in the 
principal surface [ of the above-mentioned SiC bulk board ]. and field side which counters by different concentration 
fi'om an interior area of the above-mentioned SiC bulk board, and an ohmic electrode provided on the above- 
mentioned impurity dope layer. 

[Claim 6]A SiC semiconductor device, wherein a conductivity type of an impurity contained in an interior area and 
the above-mentioned impurity dope layer of the above-mentioned SiC bulk board is mutually the same in the SiC 
semiconductor device according to claim 5 and the above-mentioned impurity dope layer contains an impurity at 
high concentration rather than an interior area of the above-mentioned SiC bulk board. 

[Claim 7]A SiC semiconductor device, wherein a conductivity type of an impurity contained in the above-mentioned 
epitaxial growth layer is the same as a conductivity type of an impurity contained in an interior area of the above- 
mentioned SiC bulk board and functions as Schottky diodes in the SiC semiconductor device according to claim 5. 
[Claim 8]In the SiC semiconductor device according to claim 5, the above-mentioned SiC bulk board including the 
1st conductivity-type impurity the above-mentioned epitaxial growth layer, The 1st epitaxial layer of the 1st 
conductivity type provided on the above-mentioned SiC bulk board. The 2nd epitaxial layer of the 2nd conductivity 
type provided on the 1st epitaxial layer of the above. It has the 3rd epitaxial layer of the 1st conductivity type 
provided on the 2nd epitaxial layer of the above, A SiC semiconductor device which functions as a vertical mold 
MOSFET which has a gate electrode which consists of a conductor which the above-mentioned upper electrode 
touched the 3rd epitaxial layer of the above, penetrated the 2nd and 3rd epitaxial layers of the above, and was 
provided on the 1st epitaxial layer of the above. 

[Claim 9]A SiC semiconductor device, wherein a peak of impurity concentration contained [ any / one ] in the 

above-mentioned impurity dope layer in a SiC semiconductor device of a statement among claims 5-8 is in a field 

less than 1000 nm deep from the surface among the above-mentioned impurity dope layers. 

[Claim 10]A manufacturing method of a SiC substrate characterized by comprising the following. 

A process of forming an impurity dope layer which contains an impurity by concentration which pours in impurity ion 

into a SiC bulk board, and is different from an interior area of the above-mentioned SiC bulk board (a). 

A process (b) of activating an impurity contained in the above-mentioned impurity dope layer by carrying out 

annealing of the substrate after the above-mentioned process (a). 

A process (c) of growing SiC epitaxially with a CVD method and depositing an epitaxial growth layer on the principal 
surges of the above-mentioned SiC bulk board, and a field which counters. 

[Claim 11]In a manufacturing method of the SiC substrate according to claim 10, impurity ion poured in into the 
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above-mentioned SiC bulk board at the above-mentioned process (a). A manufacturing method of a SiC substrate, 
wherein impurity concentration contained in an impurity dope layer which is the same conductivity type as an 
impurity contained in an interior area of the above-mentioned SiC bulk board, and was formed is higher than 
impurity concentration of an interior area of the above-mentioned SiC bulk board. 

[Claim 12]A manufacturing method of a SiC substrate, wherein the above-mentioned process (b) and a process (c) 
are simultaneously performed in a manufacturing method of the SiC substrate according to claim 10 or 11. 
[Claim 13]In a manufacturing method of a SiC substrate of any one statement among claims 10-12, A peak of 
impurity concentration which heat-treats a substrate and is contained in the above-mentioned impurity dope layer, 
A manufacturing method of a SiC substrate with which the process is characterized by being carried out 
simultaneously with the above-mentioned process (c) including further a process to which the surface of the above- 
mentioned impurity dope layer is made to sublimate so that it may be located in a field less than 1000 nm deep from 
the above-mentioned impurity dope layer surface. 

[Claim 14]A manufacturing method of a SiC substrate, wherein temperature of a substrate in the above-mentioned 
process (c) is in the range of 1300-2300 *♦ in a manufacturing method of a SiC substrate of any one statement 
among claims 10-13. 

[Claim 15]A manufacturing method of a SiC semiconductor device characterized by comprising the following. 

A process of injecting impurity ion of the 1st conductivity type into a SiC bulk board, and forming an impurity dope 

layer on the principal surface of the above-mentioned SiC bulk board, and a field which counters (a). 

A process (b) of activating an impurity contained in the above-mentioned impurity dope layer by carrying out 

annealing of the substrate after the above-mentioned process (a). 

A process (c) of growing SiC epitaxially with a CVD method and depositing an epitaxial growth layer on a side in 
which the above-mentioned impurity dope layer of the above-mentioned SiC bulk board is not formed. 
A process (d) of forming at least one upper electrode on the above-mentioned epitaxial growth layer, and a process 
of forming a lower electrode used as an ohmic electrode on the above-mentioned impurity dope layer (e). 

[Claim 16]In a manufacturing method of the SiC semiconductor device according to claim 15, impurity ion poured in 
into the above-mentioned SiC bulk board at the above-mentioned process (a), A manufacturing method of a SiC 
substrate, wherein impurity concentration contained in an impurity dope layer which is the same conductivity type 
as an impurity contained in an interior area of the above-mentioned SiC bulk board, and was formed is higher than 
impurity concentration of an interior area of the above-mentioned SiC bulk board. 

[Claim 1 7]A manufacturing method of a SiC semiconductor device performing simultaneously the above-mentioned 
process (b) and the above-mentioned process (c) in a manuhicturing method of the SiC semiconductor device 
according to claim 15 or 16. 

[Claim 18]In a manufacturing method of a SiC semiconductor device of any one statement among claims 15-17. A 
peak of impurity concentration which heat-treats a substrate and is contained in the above-mentioned impurity 
dope layer. A manufacturing method of a SiC semiconductor device with which the process is characterized by 
being carried out simultaneously with the above-mentioned process (c) including further a process to which the 
surface of the above-mentioned impurity dope layer is made to sublimate so that it may be located in a field less 
than 1000 nm deep from the above-mentioned impurity dope layer surface. 

[Claim 1 9]In a manufacturing method of a SiC semiconductor device of a statement, among claims 1 5-1 8 in the 
above-mentioned process (c). [ any ] [ one ] The 1st epitaxial layer of the 1st conductivity type on the 1st epitaxial 
layer of the above on the above-mentioned SiC bulk board the 2nd epitaxial layer of the 2nd conductivity type. The 
3rd epitaxial layer of the 1st conductivity type is formed in order on the 2nd epitaxial layer of the above, 
respectively. Before a process (d) after the above-mentioned process (c), The 2nd and 3rd epitaxial layers of the 
above are penetrated. A manufacturing method of a SiC semiconductor device including further a process (c'^) of 
forming a gate electrode above the 1st epitaxial layer of the above for a process (cO and the above-mentioned 
trench which form a trench which results in the 1st epitaxial layer of the above on both sides of wrap gate dielectric 
film. 

[Claim 20]A manufacturing method of a SiC semiconductor device, wherein temperature of a substrate in the 
above-mentioned process (c) is in the range of 1300-2300 ** in a manufacturing method of the SiC semiconductor 
device according to claim 1 5 to 19. 



[Translation done.] 
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DETAILED DESCraPTlON 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to a silicon carbide substrate, a silicon carbide semiconductor device. 

and a manufacturing method for the same. 

[0002] 

[Description of the Prior Art]From it being a semiconductor with a large band gap, silicon carbide (silicon carbide. 
SiC) has high dielectric strength compared with silicon (Si), and is a stable semiconductor also in an elevated 
temperature. It is the semiconductor material in which it is expected from such the characteristic that SiC will be 
applied to a next-generation power device, a high frequency device, a high-temperature-operation device, etc. It is 
known that SiC can take many crystal structures, such as 3C-SiC of cubic system, 6 H-SiC of a hexagonal system. 
4 H-SiC, or 15 R-SiC of a rhombohedron system. In order to produce the semiconductor device of practical SiC in 
this. 6 H-SiC and 4 H-SiC are generally used. And the substrate which makes the principal surface the field which is 
mostly in agreement with a vertical (0001) field to the crystal axis of c axis is used widely. 

[0003]A silicon carbide semiconductor device (SiC semiconductor device) forms the epitaxial growth layer used as 
the active region of a semiconductor device on a silicon carbide substrate (SiC substrate), and is formed by 
establishing a required field in this layer according to the kind of element For example, if it is a diode, in the case of 
a p type doped layer and i layer (intrinsic (intrinsic semiconductor) layer); tunnel diode, the n type doped layer etc. 
as which an insulating layer may be sufficient will be formed, and, in the case of FET. a source drain area, a channel 
layer, etc. will be provided. 

[0004]The power device of large scale and high withstand pressure is having element structure of the vertical mold 
that current flows from the lengthwise direction of an element, i.e., the surface of an element, toward a rear face, or 
voltage is impressed between the surface and a rear face. Therefore, it has the composition of having an electrode 
in each of the surface and the rear face of a semiconductor device. For example, in the case of the Schottky diode, 
it has the composition of having a Schottky electrode on the surface of an element, and having an ohmic electrode 
at the rear face. In the case of vertical mold MOSFET, it has the composition of having a drain electrode which is an 
ohmic electrode at the rear face about a source electrode and a gate electrode in a substrate face. After forming a 
SIC epitaxial growth layer on a SiC substrate in the conventional technology in the manufacturing process of a SiC 
semiconductor device, it is common to make an ohmic electrode form in a rear face by vapor-depositing and heating 
metal. 
[0005] 

[Problem(s) to be Solved by the Invention] However, there were the following faults in the above-mentioned 
conventional technology. 

[0006]It depends for the electrical property in a power device on the contact resistance which exists in the 
interface of the rear face of a substrate, and an ohmic electrode greatly. Therefore, when this contact resistance is 
large, even if it impresses the same voltage in both compared with the case where contact resistance is small, the 
current (ON state current) which flows into an element at the time of operation of a device will become small. 
Conversely, if it says, in order to acquire the same ON state current in both, in the case where contact resistance 
is large, it is necessary to impress higher voltage. The electric power which was consumed by this contact 
resistance in addition to such a problem generates heat in the interface of an ohmic electrode and a substrate rear. 
For this reason, when contact resistance is large, an element will be heated at the time of operation of a device, and 
there is fault that the temperature of an element rises, so that it cannot ignore. By this rise in heat, a 
semiconductor device will not carry out normal operation. From the above thing, the contact resistance which exists 
in the interface of an ohmic electrode and a substrate rear is reduced as much as possible, and it is strong to a 
power device to control the power loss of the element itself, and it asks. 

[0007]The contact resistance between an ohmic electrode and a substrate rear decreases in inverse proportion to 
the carrier concentration of the substrate in both interface. However, the carrier concentration of a SiC substrate 
realizable now is 1x10 ^^cm""* the highest In the carrier concentration beyond this, the influence of the lattice 
spacing on SiC of the dopant which is an impurity will become large, a lattice strain etc. will occur within a 
substrate, and the crystallinity of a SiC substrate will deteriorate as a result. Therefore, crystallinity was good and it 
was very difficult for carrier concentration to realize the SiC substrate more than 1x10 ^^cm~^. Therefore, as a SiC 
substrate which reduces contact resistance with an ohmic electrode, and has good crystallinity. carrier 
concentration cannot say that contact resistance can fully be reduced, although the substrate of the 10 ^®cm~^ 
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order is generally used. 

[0008]Thus, it is difficult to reduce the contact resistance between a substrate rear and an ohmic electrode more 
by making carrier concentration of a substrate high in conventional technology. 

[0009]By raising the carrier concentration of the portion which touches an ohmic electrode among semiconductor 
substrates with large band gaps, such as SiC, the purpose of this invention aims at reduction of the contact 
resistance between a substrate and an ohmic electrode, and there is in providing a SiC semiconductor device with 
little power loss, and a manufacturing method for the same. 
[0010] 

[Means for Solving the Problem]A SiC substrate of this invention is provided with the following. 
SiC bulk board. 

An impurity dope layer which consists of SiC which is provided in the field side which counters the principal surface 
of the above-mentioned SiC bulk board, and contains an impurity by different concentration from an interior area of 
the above-mentioned SiC bulk board. 

[0011]By this, when providing a metal electrode, for example on the above-mentioned impurity dope layer. Contact 
resistance in an interface of an ohmic electrode and a SiC-substrate rear face where it was conventionally 
restricted with carrier concentration in a substrate that contact resistance produced between an impurity dope 
layer and an electrode can be reduced etc. can be reduced. 

[0012]When a conductivity type of an impurity contained in an interior area and the above-mentioned impurity dope 
layer of the above-mentioned SiC bulk board is mutually the same and the above-mentioned impurity dope layer 
contains an impurity at high concentration rather than an interior area of the above-mentioned SiC bulk board. As 
mentioned above, contact resistance which exists in an interface on an ohmic electrode and a rear ^ce of a SiC 
substrate can be reduced effectively. 

[0013]By providing further an epitaxial growth layer which consists of SiC grown epitaxially on the principal surface 
of the above-mentioned SiC substrate. An epitaxial growth layer can be made into an active region, and it can use 
for manufacture of a semiconductor device of vertical molds, such as a rectifier with which contact resistance with 
an electrode in a rear face of a SiC substrate was reduced, and power metal-oxide semiconductor field effect 
transistor. 

[001 4]A peak of impurity concentration contained in the above-mentioned impurity dope layer by being in a field 
less than 1000 nm deep from the surface among the above-mentioned impurity dope layers, When an ohmic 
electrode is provided on an impurity dope layer, a high-concentration career will exist near the interface which 
contacts an electrode among impurity dope layers, and an effect of reducing contact resistance becomes larger. 
[0015]Next, a SiC semiconductor device of this invention is provided with the following. 
SiC bulk board. 

An epitaxial growth layer which consists of SiC containing an impurity grown epitaxially on the principal surface of 
the above-mentioned SiC bulk board. 

At least one upper electrode which consists of conductors provided on the above-mentioned epitaxial growth layer. 
A lower electrode used as an impurity dope layer which consists of SiC which contains an impurity provided in the 
principal surface [ of the above-mentioned SiC bulk board ], and field side which counters by different concentration 
from an interior area of the above-mentioned SiC bulk board, and an ohmic electrode provided on the above- 
mentioned impurity dope layer. 

[0016]When a SiC semiconductor device is a diode, for example and current flows into an upper electrode from a 
lower electrode by this in a forward direction. Since carrier concentration of a portion (impurity dope layer) which 
carries out ohmic contact to a lower electrode among rear faces of a SiC substrate is high, contact resistance with 
a lower electrode is reduced greatly. Therefore, it becomes possible to be large scale and to suppress power loss at 
the time of operation. 

[0017]When a conductivity type of an impurity contained in an interior area and the above-mentioned impurity dope 
layer of the above-mentioned SiC bulk board is mutually the same and the above-mentioned impurity dope layer is 
having an impurity contained at high concentration rather than an interior area of the above-mentioned SiC bulk 
board. Resistance at the time of flowing between elements becomes small, and also contact resistance with a lower 
electrode can be reduced as mentioned above according to impurity concentration near the field in contact with a 
lower electrode being high. Since an impurity of the same conductivity type is contained by SiC bulk board and an 
impurity dope layer, if an upper electrode is a Schottky electrode, a SiC semiconductor device can be operated as a 
Schottky diode which has rectification. 

[0018]A conductivity type of an impurity contained in the above-mentioned epitaxial growth layer is the same as a 
conductivity type of an impurity contained in an interior area of the above-mentioned SiC bulk board, and it can be 
considered as a Schottky diode with little power loss by functioning as a Schottky diode. 
[001 9]A SiC semiconductor device of this invention the above-mentioned SiC bulk board including the 1st 
conductivity-type impurity the above-mentioned epitaxial growth layer. The 1st epitaxial layer of the 1st 
conductivity type provided on the above-mentioned SiC bulk board. The 2nd epitaxial layer of the 2nd conductivity 
type provided on the 1st epitaxial layer of the above. It has the 3rd epitaxial layer of the 1st conductivity type 
provided on the 2nd epitaxial layer of the above. The above-mentioned upper electrode touches the 3rd epitaxial 
layer of the above, and functions as a vertical mold MOSFET which has a gate electrode which consists of a 
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conductor which penetrated the 2nd and 3rd epitaxial layers of the above, and was provided on the 1st epitaxial 
layer of the above. 

[0020]SinGe carrier concentration near [ which touches a lower electrode among impurity dope layers ] an interface 
is high by this, contact resistance with a lower electrode is reduced and vertical mold power metal-oxide 
semiconductor field effect transistor from which drain current with it which has little power loss is acquired can be 
realized. [ large ] 

[0021]Contact resistance which a peak of impurity concentration contained in the above-mentioned impurity dope 
layer produces in an interface of an impurity dope layer and a lower electrode by being in a field less than 1000 nm 
deep from the surface among the above-mentioned impurity dope layers can be reduced further. 
[0022]A process (a) of forming an impurity dope layer which contains an impurity by concentration which a 
manufacturing method of a SiC substrate of this invention pours in impurity ion into a SiC bulk board, and is 
different from an interior area of the above-mentioned SiC bulk board. A process (b) of activating an impurity 
contained in the above-mentioned impurity dope layer by carrying out annealing of the substrate after the above- 
mentioned process (a). A process (c) of growing SiC epitaxially with a CVD method and depositing an epitaxial 
growth layer on the principal surface of the above-mentioned SiC bulk board and a field which counters is included. 
[0023]Since a SiC substrate which has good crystallinity in a rear face including an impurity can be manufactured by 
this method, when providing a metal electrode used as an ohmic electrode on a rear face of a SiC substrate, 
contact resistance with a metal electrode is reduced compared with a thing of the conventional SiC substrate. 
[0024]Impurity ion poured in into the above-mentioned SiC bulk board at the above-mentioned process (a) is the 
same conductivity type as an impurity contained in an interior area of the above-mentioned SiC substrate, and. as 
for impurity concentration contained in a formed impurity dope layer, it is preferred that it is higher than the above- 
mentioned SiC bulk board. 

[0025]A SiC substrate for Schottky diodes from which current with it which has little power loss will be acquired if a 
SiC layer of the same conductivity type as a SiC bulk board is grown epitaxially in a process (c) by this method. 
[ big ] A SiC substrate for PIN diodes with little [ too ] power loss can be manufactured by using as undoping and a 
p type at order an epitaxial growth layer which forms a SiC bulk board a n type and on it. 
[0026]Since activation of an impurity and formation of an epitaxial layer can be performed at one process by 
performing the above-mentioned process (b) and a process (c) simultaneously, a manufacturing process number can 
be reduced and a production cost can be towered. 

[0027]A peak of impurity concentration which heat-treats a substrate and is contained in the above-mentioned 
impurity dope layer. By performing the process simultaneously with the above-mentioned process (c), including 
further a process to which the surface of the above-mentioned impurity dope layer is made to sublimate so that it 
may be located in a field less than 1000 nm deep from the above-mentioned impurity dope layer surface. Additional 
processing can locate a peak of impurity concentration near the surface of an impurity dope layer more nearly 
nothing. A SiC substrate which reduced contact resistance with ****** and an electrode for an ohmic electrode by 
a post process on a rear face (the principal surface and field which counters) of a SiC substrate is producible at a 
simple process. When the process carries out still more nearly simultaneously also with a process (b), a SiC 
substrate can be manufactured with a smaller routing counter. 

[0028]Damage produced in an Impurity dope layer on the occasion of an Ion implantation of a process (a) can 
recover the temperature of a substrate in the above-mentioned process (c) while It can form a good epitaxial 
growth layer by being in the range of 1300-2300 **. 

[0029]A process (a) of a manufacturing method of a SiC semiconductor device of this invention injecting impurity 
ion of the 1st conductivity type into a SiC bulk board, and forming an impurity dope layer on the principal surface of 
the above-mentioned SiC bulk board, and a field which counters, A process (b) of activating an Impurity contained in 
the above-mentioned impurity dope layer by carrying out annealing of the substrate after the above-mentioned 
process (a), A process (c) of growing SiC epitaxially with a CVD method and depositing an epitaxial growth layer on 
a side in which the above-mentioned impurity dope layer of the above-mentioned SiC bulk board is not formed, A 
process (d) of forming at least one upper electrode on the above-mentioned epitaxial growth layer, and a process 
(e) of forming a lower electrode used as an ohmic electrode on the above-mentioned impurity dope layer are 
included. 

[0030]Since an impurity is included at high concentration by this method to a field which touches a lower electrode 
of a rear face of a SiC substrate in a process (a) and a good crystalline impurity dope layer is formed, contact 
resistance with a lower electrode can manufacture a small semiconductor device. That is. since power loss becomes 
small, a semiconductor device by which generating of heat In a plane of composition with a lower electrode of a SiC 
substrate was controlled can be manufactured. 

[0031]Impurity ion poured in into the above-mentioned SiC bulk board at the above-mentioned process (a). Impurity 
concentration contained in an impurity dope layer which is the same conductivity type as an impurity contained in 
an interior area of the above-mentioned SiC bulk board, and was formed according to it being higher than impurity 
concentration of an interior area of the above-mentioned SiC bulk board. There Is little power loss and a large SIC 
semiconductor device of the ON state current can be manufactured. 

[0032]By performing simultaneously the above-mentioned process (b) and the above-mentioned process (c), a SiC 
semiconductor device can be manufactured at few processes. 

[0033]A peak of impurity concentration which heat-treats a substrate and is contained in the above-mentioned 
Impurity dope layer, A SIC semiconductor device of this Invention can be manufactured at few processes by 
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performing the process simultaneously with the above-mentioned process (c), including further a process to which 
the surface of the above-mentioned impurity dope layer is made to sublimate so that it may be located in a field 
less than 1000 nm deep from the above-mentioned impurity dope layer surface. When the process, a process (b). 
and a process (c) are performed simultaneously, a manufacturing process number is reduced further and a 
manufacturing cost can be reduced. 

[0034]In the above-mentioned process (c), on the above-mentioned SiC bulk board, the 1st epitaxial layer of the 1st 
conductivity type, On the 1st epitaxial layer of the above, the 2nd epitaxial layer of the 2nd conductivity type, The 
3rd epitaxial layer of the 1st conductivity type is formed in order on the 2nd epitaxial layer of the above, 
respectively. Before a process (d) after the above-mentioned process (c). By including further a process (c") of 
forming a gate electrode above the 1st epitaxial layer of the above for a process (c') and the above-mentioned 
trench which form a trench which penetrates the 2nd and 3rd epitaxial layers of the above, and results in the 1st 
epitaxial layer of the above on both sides of wrap gate dielectric film. Since contact resistance with a lower 
electrode is reduced by doping and activation of an impurity, power loss is reduced and mass vertical mold MOSFET 
can be manufactured. 

[0035]By being in the range of 1300-2300 the temperature of a substrate in the above-mentioned process (c) 
can manufacture a SiC semiconductor device which has a good crystalline epitaxial growth layer. Restoration of a 
crystal defect of an impurity dope layer produced on the occasion of an ion implantation of a process (a) is also 
performed simultaneously. 
[0036] 

[Embodiment of the Invention](A 1st embodiment) The manufacturing method of the SiC substrate provided with the 
epitaxial growth layer of SiC on the substrate is first explained including the dopant ion which is a 1st embodiment 
of this invention and which was activated by the substrate rear. 

[0037] Drawing 1 (a) - (c) is a sectional view showing the manufacturing method of the SiC substrate concerning this 
embodiment 

[0038]The SiC bulk board 1 1 is prepared at the process shown in drawing 1 ( a). As the SiC bulk board 11, the 
principal surface is a field which the OFF angle of 8 times attached in the [1 1-20] (112 bars 0) direction from the 
field (0001) (c side), and the SiC substrate (4H-SiC substrate) 25 mm in diameter to which Si atom is located in a 
line with the surface is used, for example. This substrate is a n type and carrier concentration is 1x10 ^®cm~^. The 
field which needs the principal surface here in order that surface roughness may be a field of the smaller one and 
may operate as a semiconductor device to this field at the following processes is formed. 

[0039]Next. it divides into 7 times of ion implantation processes, and the nitrogen ion 13 which is n type dopant ion 
is poured in all over the rear face of the SiC bulk board 1 1, for example, infused energies differ mutually. The 
conditions of an ion implantation here the ion dose of the accelerating voltage of T.OMeV 1x10 ^®atoms-cm"^. The 
dose of the accelerating voltage of 5.6MeV 1x10 ^^atoms-cm"^. The dose of the accelerating voltage of 4.4MeV 
7x10 ^^atoms-cm"2. The dose of the accelerating voltage of 3.3MeV 7x10 ^^atoms-cm"^. The dose of the 
accelerating voltage of 2.4MeV 3x10 ^^atoms-cm"^. The dose of the accelerating voltage of 3x10 ^^atoms-cm'^ 
and I.OMeV was made into 3x10 ^^atoms-cm"^ for the dose of the accelerating voltage of 1.6MeV. The direction of 
an ion implantation is a direction leaning also to any normal of the SiC bulk board 1 1 or case 7 degrees, and the ion 
implantation is performed under the room temperature. 

[0040]Thereby. the pouring layer 12 is formed on the rear face of the SiC bulk board 1 1. At this time, nitrogen 
concentration is thinner than that peak concentration so that a field less than about 1000 nm deep may explain later 
from the surface on the back. 

[0041]Next a SiC layer is grown epitaxially on the SiC bulk board 11 with a CVD method at the process shown in 
drawing 1 ( b). A concrete method is described below. 

[0042] Drawing 2 is a sectional view showing the composition of the CVD furnace used in each embodiment of this 
invention. 

[0043]The substrate support jig 51 made from the carbon for this CVD furnace being arranged in the chamber 50 
made from quartz, and a chamber, and installing the SiC bulk board 1 1. as shown in the figure, It has the coil 52 for 
induction heating, the gas supply system 53, and the flueing system 54 for heating the substrate support jig 51 and 
the SiC bulk board 1 1 with high-frequency power. 

[0044]First, after decompressing the inside of the chamber 50 of this CVD furnace until it becomes a degree of 
vacuum about 10 ~^Pa, dilution gas is supplied from the gas supply system 53. 

[0045] Hydrogen gas was chosen as dilution gas and the flow was made into 2 L/min. The pressure in the chamber at 
the time of epitaxial growth is set constant at ordinary pressure (1 atmosphere). High-frequency power (20.0 kHz 
and 20 kW) is impressed to the coil 52 for induction heating, and a SiC substrate is heated at 1600 
[0046]Then, when substrate temperature reaches growing temperature, the material gas and dopant gas for epitaxial 
growth are supplied. The flow of SiH^ and C3Hg is made into 3 mlVmin and 2 mL/min. respectively, using SiH^ and 
^3^^8 material gas. The flow is made into 3 ml_/min, using nitrogen as n type dopant gas. 

[0047] Drawing 3 is a figure showing the process of the amount of supply (sum total of the amount of supply of SiH^, 
and the amount of supply of C3Hg) of material gas, and the temporal change of substrate temperature (at the time 
of heating 1600 **) in the formation process of a SiC epitaxial growth layer. The thickness of the epitaxial growth 
layer 14 formed on the SiC bulk board 1 1 is about 3 micrometers, and the carrier concentration in this growth phase 
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is 1x10 ^^cm"^. 

[0048] Next at the process shown in drawing 1 ( c). heating to a substrate is suspended and epitaxial growth is 
terminated at the same time It stops material gas and dopant gas. 

[0049]Damage to the crystal structure of the SiC bulk board 11 produced by the ion implantation performed at the 
process shown in drawing 1 ( a) can be made to restore by heating a substrate at 1600 ** in this process, activation 
of the poured-in nitrogen ion — a book — it is carried out in process and simultaneous and the pouring layer 12 
turns into the n type doped layer 15. 

[0050]The layer part of the n type doped layer 15 of a substrate rear is sublimated in the case of formation of the 
epitaxial growth layer 14. For this reason, the portion which contains nitrogen at high concentration among the n 
type doped layers 15 can be exposed, without operating etching etc. 

t0051]The SiC substrate of this embodiment manul^ctured by the above-mentioned method is provided with the 
following. 

The SiC bulk board 1 1 which is a 4H-SiC substrate. 

The epitaxial growth layer 14 with a thickness of about 3 micrometers which consists of SiC grown epitaxially on the 
SiC bulk board 11. 

A n type doped layer with a thickness of about 3 micrometers containing nitrogen of concentration abbreviation 
1x10 ^^cm"^ provided in the rear-face side in a SiC bulk board. 

Both the SiC bulk board 11 and the epitaxial growth layer 14 contain nitrogen of 10 ^®cm"^. 
[0052]- It measured using the secondary ion mass analysis apparatus (SIMS) about the nitrogen profile in a 
substrate, next the profile of the nitrogen concentration of the depth direction of the n type doped layer 15 in the 
substrate rear after formation of the epitaxial growth layer 14. 

[0053] Drawing 4 is a figure showing the concentration distribution of the nitrogen analyzed using SIMS. It was - 
checked that the n type doped layer 15 in which dopant concentration contains the n type impurity of concentration 
high a figure single [ about ] with abbreviation 1x10 ^^cm"^ compared with the SiC bulk board 1 1 at about 3 
micrometers in thickness is formed on the rear face of the above-mentioned SiC bulk board 1 1 from the figure. 
[0054]It turns out that the peak of the nitrogen concentration which sees from the rear-face side of a substrate 
and is in the shallowest position from drawing 4 is in a field about 500 nm or less deep from the surfece among the n 
type doped layers 15. Since the peak of the impurity concentration into which this was poured on the above- 
mentioned ion-implantation conditions is located in a field not less than 1000 nm deep from the surface, having 
sublimated not less than about 500 nm of surface portions of the pouring layer 12 (or n type doped layer 15} is 
shown. 

[0055]Although the nitrogen concentration near the surface serves as abbreviation 1x10 ^^cm"^ among the n type 
doped layers 15 here. Drawing 1 ( b) In the formation process of the epitaxial growth layer 14 shown in - (c). the 
portion which contains nitrogen in the high concentration in the n type doped layer 15 can be exposed by [, such as 
raising substrate temperature or extending the time of epitaxial growth, ] adjusting conditions. 
[0056]- The conventional SiC substrate which has the SiC layer grown epitaxially into the table (bow) side side 
without injecting dopant ion into a rear face, in order to compare comparison - of an electrical property, next the 
SiC substrate and electrical property of this embodiment was created. The used SiC substrates were n type 4 H- 
SiC, and the carrier concentration in a substrate was 1x10 ^®cm~*'. The formation conditions of an epitaxial growth 
layer and the thickness of the epitaxial growth layer presupposed that it is the same as that of the SiC substrate of 
this embodiment. 

[0057]Next the ohmic electrode was formed in each surface and rear face of the conventional SiC substrate 
produced by the SiC substrate and conventional technology of this embodiment, the electrical property of each SiC 
substrate was measured, and the contact resistance in the interface of a substrate rear and an ohmic electrode was 
evaluated from this measurement result 

[0058]First after vapor-depositing nickel (nickel) dot electrodes 0.5 mm in diameter with an electron beam (EB) 
evaporation apparatus at the rear face of each SiC substrate, it was considered as the ohmic electrode by heating 
at 1000 *♦ with a heating furnace. After vapor-depositing nickel dot electrodes 0.5 mm in diameter with EB 
evaporation apparatus also to the table (bow) side of a substrate, it was considered as the ohmic electrode by 
heating at 1 000 *♦ with a heating furnace. 

[0059]Subsequently. current was sent through each SiC substrate through the ohmic electrode formed in the table 
(bow) side and rear face of each SiC substrate. 

[0060] Drawing 5 is a figure showing the result of having measured the relation between the impressed electromotive 
force about each of the SiC substrate of this embodiment, and the conventional SiC substrate produced by 
conventional technology, and current In the SiC substrate of this embodiment compared with the conventional SiC 
substrate, the figure shows that twice [ about / about ] as many current as this is flowing, when the same voltage is 
impressed. 

[0061]In the SiC substrate of this embodiment it became clear from this result that the contact resistance of the 
interface of a substrate rear and an ohmic electrode is reduced greatly. The field (pouring layer 12) where, as for 
this, dopant ion was poured in shows that it is the n type doped layer 15 which contains nitrogen of high 
concentration compared with the carrier concentration of a SiC substrate by being activated during formation of the 
epitaxial growth layer 14. 

[0062]Since the contact resistance between the rear face of a substrate and an ohmic electrode is greatly reduced 
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compared with the conventional SiC substrate, the SiC substrate of this embodiment. When used for the 
semiconductor device of rectifiers, such as a Schottky diode described by following embodiments, and a PIN diode, 
vertical mold power metal-oxide semiconductor field effect transistor, etc., while reducing the power loss in these 
semiconductor devices, generating of the heat at the time of operation can be controlled. 

[0063]Since exposure of the portion which contains an impurity in high concentration activation of the introduced 
impurity, restoration of the crystal defect made by ion implantation, and among n type doped layers is performed in 
the formation process of the epitaxial growth layer by a CVD method according to the manufacturing method of SiC 
of this embodiment, A SiC substrate with small contact resistance of a substrate rear and an ohmic electrode can 
be manufactured efficiently, without increasing a process. 

[0064]According to the manufacturing method of the SiC substrate of this embodiment, the field which contains 
nitrogen at high concentration among the n type doped layers 15 can be exposed by acUusting the temperature 
conditions of epitaxial growth etc. as mentioned above. Thereby, contact resistance between a substrate rear and 
an ohmic electrode can be made still smaller. 

[0065]In the manufacturing method of the SiC substrate of this embodiment, although the ion implantation of the 
nitrogen was carried out to the rear face of the n type SiC substrate as a n type dopant, even if rt carries out the 
ion implantation of other ionic species in which n type conductivity is shown, for example, Lynn, it is effective. It is 
effective, even if it replaces with a n type and boron (B) etc. carry out the ion implantation of the p type dopant to 
the rear face of a p type SiC substrate. 

[0066]In the manufacturing method of the SiC substrate of this embodiment, the ion in which infused energies differ 
mutually is poured in on the multi stage story. Since the surface of the n type doped layer 15 is deleted by 
sublimation, this has a meaning which takes the thicker layer doped beforehand. However, even when ion is actually 
poured in with single infused energy, the contact resistance of a substrate rear and an ohmic electrode can be 
reduced. 

[0067]In this embodiment, in order to form the n type doped layer 15, the accelerating voltage of the ion 
implantation was set as 1.0 - 7.0MeV, but the peak position of impurity concentration can be brought more close to 
the surface by making accelerating voltage of the ion to pour in still lower. However, the thickness of the n type 
doped layer 1 5 becomes thin in this case. 

[0068]In the manufacturing method of the SiC substrate of this embodiment, although dopant ion was poured in all 
over the SiC-substrate rear face, dopant ion may be poured only into a part by covering a portion with a SiC- 
substrate rear face with a mask etc. 

[0069]In this embodiment, although the nitrogen ion was introduced into the epitaxial growth layer of SiC formed on 
a SiC bulk board as n type impurity ion. Lynn (P) etc. may be used for others and p type impurities, such as boron 
(B) and aluminum (aluminum), may be used. The epitaxial growth layer of SiC may contain both the layer containing a 
n type impurity and the layer containing a p type impurity. 

[0070]In this embodiment although the ion injected into epitaxial growth and a substrate rear was activated 
simultaneously, there is not necessarily necessity of performing these two processes simultaneously. 
[0071] Drawing 6 is a figure showing an example of the process of the material gas in the case of performing 
activation annealing of a substrate at the front like epitaxial growth Takumi, the hydrogen gas amount of supply at 
the time of activation annealing, and the temporal change of substrate temperature. As shown in the figure, when a 
temperature required for activation annealing is higher than growing temperature. It does not interfere, even if it 
carries out activation annealing by heating a substrate at the front like epitaxial growth Takumi. As gas supplied in 
this process, it may be argon gas besides hydrogen gas. 

[0072] Drawing 7 is a figure showing an example of the process of the material gas in the case of performing 
activation annealing of a substrate at the back like epitaxial growth Takumi. the hydrogen gas amount of supply at 
the time of activation annealing, and the temporal change of substrate temperature. It does not interfere, even if it 
carries out activation annealing by heating a substrate after the formation process of an epitaxial growth layer, as 
shown in the figure. Thus, according to the method of performing activation annealing of a substrate by a separated 
process like epitaxial growth Takumi. the amount of sublimation of the rear face of a SiC substrate can be adjusted, 
without being based on setting out of the formation process of an epitaxial growth layer. 

[0073]In the manufacturing method of the SiC substrate of this embodiment, although 1600 ** was chosen as 
substrate temperature which forms the epitaxial growth layer 14, it is preferred that it is not restricted to this 
temperature but is in the range of 1300-2300 It is because there will be a possibility that the SiC bulk board 11 
may decompose and the recovery of damage in a SiC substrate will not advance at less than 1300 if 2300 ^ is 
exceeded. 

[0074]In addition, when epitaxial growth Takumi of SiC simultaneously makes the rear face of a SiC substrate 
sublimate, it is influenced by the pressure, but it is required for substrate temperature to be not less than 1400 
[0075]And as for the substrate temperature which can be set like epitaxial growth Takumi, in order to form a good 
crystalline epitaxial growth layer by sufficient thickness to produce a semiconductor device also in the range of 
above-mentioned substrate temperature, it is more preferred that it is the range of 1500 ** - 2000 
[0076]In this embodiment, although the epitaxial growth layer of SiC was formed after the implantation process of 
the nitrogen ion to a substrate rear, the SiC bulk board itself can also be used as a semiconductor layer of a 
semiconductor device, without forming this epitaxial growth layer. However, the activation annealing process of the 
impurity contained in a substrate above 1300 also in that case is needed. In the n type doped layer of the SiC 
substrate manufactured by this method, although the peak of nitrogen concentration is in a field not less than 1000 
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nm deep from the surface, the contact resistance with an ohmic electrode is reduced compared with the 
conventional SiC substrate. 

[007 7] Although the 4H-SiC substrate was used as a SiC bulk board in this embodiment other SiC substrates, such 
as a 6H-SiC substrate, may be used. 

[0078]It can replace with a SiC bulk board and a diamond substrate with a large band gap or a GaN (gallium nitride) 
board can also be used like SiC. 

[0079](A 2nd embodiment) How to manufacture a Schottky diode as a 2nd embodiment of this invention using the 
SiC substrate concerning a 1st embodiment is explained. 

[0080] Drawing 8 ( a) - (c) is a sectional view showing the manufacturing method of the Schottky diode concerning 
this embodiment 

[0081]First the SiC bulk board 21 is prepared at the process shown in drawing 8 ( a). As the SiC bulk board 21. the 
principal surface uses the SiC substrate (4H-SiC substrate) 25 mm in diameter which is the field which the OFF 
angle of 8 times attached in the [11-20] (112 bars 0) direction from the field (0001) (c side), for example. This 
substrate is a n type and carrier concentration is 1x10 ^®cm~^. And ion-implantation conditions, such as 
accelerating voltage, a dose, and an injection angle, are made the same as the manufacturing method of the SiC 
substrate of a 1st embodiment and the nitrogen ion 23 is injected into the rear face of the SiC bulk board 21. 
Thereby, the pouring layer 22 is formed in the rear face of the SiC bulk board 21. 

[0082]Next it installs in the chamber of the CVD furnace which has the structure where the SiC bulk board 21 is 
shown in drawing 2 , at the process shown in drawing 8 ( b). and the epitaxial growth layer 24 which consists of SiC(s) 
is formed. In this process, activation annealing of the dopant ion ir\]ected into the substrate rear is performed 
simultaneously, and restoration of the crystal defect produced on the occasion of an ion implantation is performed, 
and sublimation of the surface portion of the pouring layer 22 also takes place. 

[0083]The flow of nitrogen whose flows of SiH^ whose flows of hydrogen gas whose conditions of epitaxial growth at 

this process are dilution gas are 2 L/min and material gas, and C3H3 are 3 ml_/min. 2 mL/min, and dopant gas, 

respectively is made into 0.1 mL/min, Supposing that the pressure in the chamber at the time of epitaxial growth is 
constant at ordinary pressure (1 atmosphere), growing temperature shall be 1600 The epitaxial growth layer of 
SiC formed under these conditions was about 3 micrometers in thickness, and carrier concentration was 1x10 

[0084]Next supply of material gas is stopped and formation of the epitaxial growth layer 24 is made to finish with 
the process shown in drawing 8 ( c). At this time, the nitrogen contained in the pouring layer 22 is activated, and it 
becomes the n type doped layer 25. 

[0085]Thus, the nitrogen concentration of the depth direction of the n type doped layer 25 on the formed substrate 
rear shows the profile by SIMS shown in drawing 4 , and the same profile. That is, it turns out that the n type doped 
layer 25 in which dopant concentration contains nitrogen of concentration high a figure single [ about ] [ thickness / 
a substrate ] at about 3 micrometers by abbreviation 1x10 ^^cm"*^ is formed on the rear face of the above- 
mentioned SiC bulk board 21. The surface portion is deleted by sublimation among the n type doped layers 25. and 
some are the shallowest in a depth of less than 500 nm from the surface of the n type doped layer 25 among the 
peaks of nitrogen concentration. 

[0086]Next after using EB evaporation apparatus for the rear face of the SiC bulk board 21 and vapor-depositing 
nickel, the ohmic electrode 28 which consists of nickel by heating at 1000 with a heating furnace is formed. 
[0087]Then. after forming silicon oxide with a CVD method etc. on the epitaxial growth layer 24. the opening of the 
part is carried out and the guard ring 26 is formed. Subsequently, the guard ring 26 forms Schottky electrode 27 
which consists of gold (Au) among the epitaxial growth layers 24 on the field which carried out the opening. 
[0088]The Schottky diode of this embodiment manufactured by the above process is provided with the following. 
SiC bulk board 21. 

The epitaxial growth layer 24 with a thickness of 3 micrometers which consists of SiC formed on the SiC bulk board 
21. 

The guard ring 26 which consists of a silicon oxide (Si02) by which it was formed on the epitaxial growth layer 24, 
and in which the part carried out the opening. 

Schottky electrode 27 which consists of Au formed on the field in which the guard ring 26 carried out the opening 
among the epitaxial growth layers 24, The ohmic electrode 28 which consists of nickel formed by vacuum 
evaporation on the n type doped layer 25 and a n type doped layer with a thickness of 3 micrometers which 
contains the n type impurity formed on the rear face of the SiC bulk board 21 at high concentration. 
The concentration of the nitrogen contained in the epitaxial growth layer 24, the SiC bulk board 21, and the n type 
doped layer 25 is 1x10 ^^cm"'^ and abbreviation 1x10 ^^cm~^ abbreviation 1x10 ^^cm"^. respectively. 
[0089]Next in order to compare the Schottky diode and electrical property of this embodiment the Schottky diode 
was produced using the SiC substrate produced by conventional technology. Both substrates are using the n type 
4H-SiC substrate, and the carrier concentration in a substrate is 1x10 ^^cm^^. The formation conditions of the 
Schottky diode besides the formation conditions of an epitaxial growth layer presupposed that it is the same as that 
of the Schottky diode of this embodiment As for the formed epitaxial growth layer, about 3 micrometers and carrier 
concentration made thickness 1x10 ^®cm~^. 

[0090]Performance comparison of both Schottky diodes was performed by measuring about the current at the time 



http://vww4.ipdi;inpitgojp/cgi-bin/tran.vveb.cgi.ejue?atw_^^ 2008/04/22 



JP,2003-086816.A [DETAILED DESCRIPTION] 



8/10^— V 



of forward voltage impression (ON state current). 

[0091] Drawing 9 is a figure showing the current/ voltage characteristics of the Schottky diode produced by the 
Schottky diode and conventional technology of this embodiment. The figure shows that the ON state current is large 
more than twice [ about ] compared with the Schottky diode produced by the conventional method in the Schottky 
diode of this embodiment. In the Schottky diode of this embodiment, since the contact resistance between the n 
type doped layer 25 and the ohmic electrode 28 reduced this substantially, it is considered that the ON state 
current when forward voltage was impressed became large. 

[0092]ON state voltage (forward voltage in case the ON state current begins to flow) — both diodes — about — 
the difference was not seen by IV. 

[0093]The leakage current at the time of impressing reverse voltage to the above-mentioned Schottky diode was 
almost the same for a number pA (10~^^A) grade and both diodes, and was almost the same in both. [ of the 
pressure-proofing at the time of reverse bias impression ] This shows that the process of injecting dopant ion into a 
substrate rear has hardly affected the crystallinity of a substrate and an epitaxial growth layer. It was shown that 
the Schottky diode in which the ON state current had the feature that it is large more than twice compared with 
conventional technology is producible by injecting dopant ion into the rear face of a substrate, and forming an 
epitaxial growth layer on the table (bow) side of this substrate from these results. This means that the Schottky 
diode of this embodiment has little power loss at the time of operation compared with the conventional thing. 
[0094]In addition, in the Schottky diode of this embodiment, since the contact resistance in the interface of the 
ohmic electrode 28 and the n type doped layer 25 is small, generating of the heat in the above-mentioned interface 
is controlled at the time of operation. Therefore, according to the Schottky diode of this embodiment, generating of 
the malfunction by heat can be controlled in the semiconductor device which had this incorporated. 
[0095]Although the n type impurity was used in the Schottky diode of this embodiment as a dopant of a SiC bulk 
board, an epitaxial growth layer, and an impurity dope layer (n type doped layer), it may replace with this and a p 
type impurity may be used. 

[0096]Although the example which produced the Schottky diode in this embodiment was shown, pn diode which grew 
epitaxially the n type doped layer which consists of SiC(sX and the p type doped layer on the SiC substrate, 
respectively is also producible by setting like epitaxial growth Takumi, adding a n type impurity first, and 
subsequently adding a p type impurity. 

[0097]P type impurities, such as boron (B) and aluminum (aluminum), may be included like the SiC substrate of a 1st 
embodiment instead of each class in a Schottky diode being a n type impurity. 

[0098]Also in the manufacturing method of the Schottky diode of this embodiment, like the manufacturing method of 
the SiC substrate of a 1st embodiment, it may divide before the annealing process of a substrate, or into the back 
like epitaxial growth Takumi of a SiC layer, and it may be performed. If temperature conditions are then ac(justed, 
also in which process, sublimation on the rear face of a SiC substrate can be caused. 

[0099](A 3rd embodiment) As a 3rd embodiment of this invention, how to produce vertical mold power metal-oxide 
semiconductor field effect transistor is explained using the manufacturing method of the SiC substrate concerning a 
1st embodiment. 

[OlOOl Drawing 10 ( a) - (c) is a sectional view showing a manufacturing method for the vertical mold power metal- 
oxide semiconductor field effect transistor concerning this embodiment 

[0101]First. the SiC bulk board 31 is prepared at the process shown in drawing 10 ( a). As the SiC bulk board 31. the 
principal surface uses the SiC substrate (4H-SiC substrate) 25 mm in diameter which is the field which the OFF 
angle of 8 times attached in the [1 1-20] (112 bars 0) direction from the field (0001) (c side), for example. This 
substrate is a n type and carrier concentration is 1x10 ^®cm*"^. 

[0102]Next, conditions, such as accelerating voltage, a dose, and an injection angle, are made the same as that of 
1st and 2nd embodiments, and the nitrogen ion 33 is poured into the rear-face side of the SiC bulk board 31. 
Thereby, the pouring layer 32 is formed in the rear-face side of the SiC bulk board 31. 

[0103]Next at the process shown in drawing 10 (b). install a SiC substrate in the chamber of the CVD furnace 
shown in drawing 2 . and on the same conditions as a 1st above-mentioned embodiment Activation annealing of the 
dopant ion injected into the substrate rear is performed at the same time it grows a SiC layer epitaxially on the SiC 
bulk board 31. 

[0104]In this case, a n type and the SiC layer of a p type and a n type are first formed in order on the SiC bulk 
board 31 n type dopant gas and by subsequently to in a device introducing n type dopant gas into p type dopant gas 
and its next 

[0105]In the flow of hydrogen gas of dilution gas. the flow of 2 L/min. SiH^ of material gas, and C3Hg makes an 
epitaxial growth condition 3 mlVmin and 2 mlVmin, respectively. Nitrogen was used as n type dopant gas. and 
trimethylaluminum (TMA) was used as p type dopant gas. Supposing that the pressure in the chamber at the time of 
epitaxial growth is constant at ordinary pressure (1 atmosphere), growing temperature shall be 1600 **. 
[0106]Thus. the n type epitaxial growth layer 34 whose thickness which consists of SiC by which the nitrogen ion of 
carrier concentration abbreviation 2x10 ^^cm~^ was introduced on the above-mentioned SiC bulk board 31 is 10 
micrometers. The p type epitaxial growth layer 35 whose thickness into which the Al ion of carrier concentration 
abbreviation 1x10 ^^cm^^ was introduced is 3 micrometers. The n type epitaxial growth layer 36 whose thickness 

into which the nitrogen ion of carrier concentration abbreviation 1x10 ^®cm"^ was introduced is 0.3 micrometer was 
formed. 
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[0107]The pouring layer 32 turns into the n type doped layer 37 by activating nitrogen simultaneously with epitaxial 
growth of SiC. 

[0108]In this process, activation annealing of the dopant ion injected into the substrate rear is perFormed 
simultaneously, and restoration of the crystal defect produced on the occasion of an ion implantation is performed, 
and sublimation of the surface portion of the pouring layer 32 also takes place. 

[0109]At this time, the nitrogen concentration of the depth direction of the n type doped layer 37 serves as a profile 
by SIMS shown in drawing 4 . and same profile. It turns out that thickness is about 3 micrometers and the n type 
doped layer 37 contains nitrogen of concentration high a figure single [ about ] from this figure compared with 
abbreviation 1x10 ^^cm*'^ and a substrate. The surface portion is deleted by sublimation among the n type doped 
layers 37, and some are the shallowest in a field less than 500 nm deep from the surface among the n type doped 
layers 37 among the peaks of nitrogen concentration. 

[0110]Next. the etching mask (not shown) which consists of the silicon oxide and the nickel layer which carried out 
the opening of the trench formation region is formed on a substrate at the process shown in drawing 1 0 ( c). 
Reactive ion etching using CF^ and O2 is performed, the p type epitaxial growth layer 35 is penetrated, and the 

trench which reaches in the n type epitaxial growth layer 36 is formed. 

[011 IjSubsequently, the gate dielectric film 39 which becomes the side wall part and pars basilaris ossis occipitalis 
of a trench from Si02 by oxidizing a substrate thermally under the temperature of about 1 100 ** is formed, and the 
gate electrode 40 is formed by depositing a polysilicon film in a trench after that 

[01 12]Then, after removing an etching mask, nickel is vapor-deposited with EB evaporation apparatus at the table 
(bow) side and rear face of a substrate. Subsequently, by heating a substrate at 1000 all over a heating furnace, 
the source electrode 41 is formed on the n type epitaxial growth layer 36, and the drain electrode 38 is formed, 
respectively on the n type doped layer 37 by the side of a substrate rear. Thereby, vertical mold MOSFET of this 
embodiment is produced. 

[0113]That is. vertical mold MOSFET of this embodiment produced by the above manufacturing method is provided 
with the following. 

The SiC bulk board 31 containing a n type impurity. 

The n type epitaxial growth layer 34. the p type epitaxial growth layer 35. and the n type epitaxial growth layer 36 
which were formed in order on the SiC bulk board 31. 

Gate dielectric film 39 which consists of Si02 provided in the side wall part and pars basilaris ossis occipitalis of the 

trench which penetrates the n type epitaxial growth layer 36 and the p type epitaxial growth layer 35, and results in 
the n type epitaxial growth layer 34. 

The gate electrode 40 which consists of polysilicon provided on gate dielectric film, The drain electrode 38 which 
consists of the n type doped layer 37 which consists of SiC containing the source electrode 41 which consists of 
nickel provided on the n type epitaxial growth layer 36, and the high-concentration nitrogen formed on the rear face 
of the SiC bulk board 31. and nickel formed on the n type doped layer 37. 

Nitrogen of 1x10 ^®cm~^ is contained In the n type doped layer 37 for concentration. Both the source electrode 41 
and the drain electrode 38 are an ohmic electrode. 

[01 14]Next, the vertical mold power metal-oxide semiconductor field effect transistor using the conventional SiC 
substrate produced by conventional technology was produced, and the current/ voltage characteristics were 
compared with the vertical mold power metal-oxide semiconductor field effect transistor of this embodiment. The 
carrier concentration which both SiC substrates are n type 4 H-SiC. and is contained in the SiC bulk board in a SiC 
substrate is 1x10 ^®cm~^. In the vertical mold power metal-oxide semiconductor field effect transistor using the 
conventional SiC substrate, each SiC layer, the gate electrode, and the formation conditions of each electrode 
which were grown epitaxially presupposed that it is the same as that of vertical mold MOSFET of this embodiment. 
[01 15] As a result of measuring about the current/voltage characteristics of both power metal-oxide semiconductor 
field effect transistor, when the same voltage more than a threshold is impressed to a gate electrode. It turned out 
that the current which flows through the vertical mold power metal-oxide semiconductor field effect transistor of 
this embodiment is large more than twice [ about ] compared with the current which flows through the vertical mold 
power metal-oxide semiconductor field effect transistor produced by conventional technology. 
[01 16]In the vertical mold power metal-oxide semiconductor field effect transistor of this embodiment, since the n 
type doped layer 37 by the side of a substrate rear and the contact resistance between the drain electrodes 38 
reduced this substantially, it is considered that drain current when forward voltage was impressed became large. 
[01 1 7]It was shown that the vertical mold power metal-oxide semiconductor field effect transistor in which the ON 
state current had the feature that it is large more than twice compared with conventional technology is producible 
by injecting dopant Ion into the rear face of a substrate, and forming an epitaxial growth layer in this substrate face 
from this result 

[01 18]That is. according to the manufacturing method of the vertical mold power metal-oxide semiconductor field 
effect transistor of this embodiment, compared with the former, vertical mold power metal-oxide semiconductor 
field effect transistor with little power loss is producible. 

[01 19]In addition, in the vertical mold power metal-oxide semiconductor field effect transistor of this embodiment, 
since the contact resistance in the interface which carries out ohmic contact to a drain electrode Is small, 
generating of the heat in the above-mentioned interface is controlled at the time of operation. Therefore, generating 
of the malfunction by heat Is controlled in the vertical mold power metal-oxide semiconductor field effect transistor 
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of this embodiment. 

[0120]Also in the manufacturing method of the power metal-oxide semiconductor field effect transistor of this 
embodiment, like the manufacturing method of the SiC substrate of a 1st embodiment, it may divide before the 
annealing process of a substrate, or into the back like epitaxial growth Takumi of a SiC layer, and it may be 
performed. 

[0121]In this embodiment, although the manufacturing method of vertical mold power metal-oxide semiconductor 
field effect transistor was described. It has a vertical mold structure provided with the ohmic electrode, and if it is a 
semiconductor device which has semiconductor layers with a big band gap. such as SiC, effects, such as control of 
power-saving and generation of heat, will be acquired like the vertical mold power metal-oxide semiconductor field 
effect transistor of this embodiment. 
[0122] 

[Effect of the Invention]According to a SiC substrate of this invention, a SiC semiconductor device, and a 
manufacturing method for the same. Since the contact resistance in the interface of a substrate rear and an ohmic 
electrode is reduced by providing an impurity dope layer with high carrier concentration compared with the carrier 
concentration in a SiC bulk board on the rear face of a SiC bulk board, power loss can be reduced and generation of 
heat can be controlled. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] (a) - (c) is a figure showing the fundamental procedure for forming the SiC substrate concerning a 1st 
embodiment of this invention. 

[Drawing 2] I t is a sectional view showing the composition of the CVD furnace used in each embodiment of this 
invention. 

[Drawing 3] In the formation process of a SiC epitaxial growth layer, it is a figure showing the process of the amount 
of supply of material gas, and the temporal change of substrate temperature. 

[Drawing 4] It is a figure showing the result of having measured the profile of the dopant concentration at the time of 
activating the dopant ion poured in simultaneously with formation of an eprtaxial growth layer using SIMS by the 
method of a 1st embodiment of this invention. 

[Drawing 5] It is a figure showing the result of having measured the current/ voltage characteristics of the SiC 
substrate concerning a 1st embodiment of this invention, and the conventional SiC substrate. 
[Drawing 6] I n the manufacturing method of this invention, it is a figure showing the process flow in the case of 
perForming an activation annealing process at the front like epitaxial growth Takumi. 

[Drawing 7]I n the manufacturing method of this invention, it is a figure showing the process flow in the case of 
performing an activation annealing process at the back like epitaxial growth Takumi. 

[Drawing 8] (a) - (c) is a sectional view showing the manufacturing process of the Schottky diode concerning a 2nd 
embodiment of this invention. 

[Drawing 9] I t is a figure showing the current/voltage characteristics of the Schottky diode concerning a 2nd 
embodiment of this invention, and the conventional SHOTTOKKI diode. 

[Drawing 10] ( a) - (c) is a sectional view showing the manufacturing process of the vertical mold power metal-oxide 
semiconductor field effect transistor concerning a 3rd embodiment of this invention. 
[Description of Notations] 

11 SiC bulk board 

12 Pouring layer 

13 Nitrogen ion 

14 Epitaxial growth layer 

15 N type doped layer 

21 SiC bulk board 

22 Pouring layer 

23 Nrtrogen ion 

24 Epitaxial growth layer 

25 N type doped layer 

26 Guard ring 

27 Schottky electrode 

28 Ohmic electrode 

31 SiC bulk board 

32 Pouring layer 

33 Nitrogen ion 

34 N type epitaxial growth layer 

35 P type epitaxial growth layer 

36 N type epitaxial growth layer 

37 N type doped layer 

38 Drain electrode 

39 Gate dielectric film 

40 Gate electrode 

41 Source electrode 

50 Chamber 

51 Substrate support jig 

52 Induction heating coil 

53 Gas supply system 

54 Flueing system 
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i C-'^JUi^SffiilglomSMOS i CB^xfdf 
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htl^'^s y V^-^^t-h'm(DS i cmiR, SiC 
-'<;U i^SK^ n M> ^©itcff^fiSf S X f ^ + ;UfiX 

5^*Sii>^cl^P I Nif^:t~ Fffl©S i C«««:S?i§-r«. 

[0 026] ^ttc. ±fBXe ( b ) iXg ( c ) 
Bffctfton-SCiCcJcO. ^Mi^©r§14'fbixt'af+i^ 
f ;H1® ff^t ifi 1 xgr r 1 6©-c. KSxetfe^jii 

[0 027] a«©i^*fta<&tf o-c, ±fB^M!B5 v-y 

Jifc^* ti^:F««iBJ?«a© f - AS. ±ia^M«J K- ^ 
»^MAie.gil$ 1 0 0 0 n mfeirt©^J^(Cfil[g-r SJ: ^ 
{c±IB:^*«i^ K - r^Ji©*ffl^^||$ It ^XS^ 3 ^ K: 
|SlXS*i±fBXg ( c ) <timB#{C?f tons Cite 

So fixers i c»s©R[i (xsi^tisj^ss) ± 

s i c s«*fafM^cxgrf^»-r -5 c i *st?tr s. * 

/c. igxg*5?e.(cxe (b) ti>mmiam'?m-^(fC 

[ 0 0 2 8 ] */c. ±iBXe ( c ) {CfcWSS«©Sa 

»1 3 0 0~2 3 0 O°C©ffiHic*SC:ifc<±:0> 
^cxf^f + v' + ;UfiSSji;$:?f$^r #S<!:i*>fc. Xg 

( a ) © :t >aA©t^(cq^^!^ F - ic^ 0 tern 
«©|5ia3 <±s c i *s-e* s. 
[002 9] :$:^Hj©s i c^^mi^m^om^ij-mt. 

S i C/N';Ui'S««:||l^^©^M«)-r:t>5:aAb 
■C±tBS i C^A';Ui'a«©^Si*fifii-rSffi±{c^MfJ 
F-T/BiSrJKfiS-rSXS (a) ±fBXS (a) ©^ 
tc. »^*T^-V>^t-SCi(Cj;ip±tB^*E^F- 
:7'B{c^ins^!Bj^rgi±{bT5Xg (b) ±13 
S i C^'{;b^S«©±IB:?^«!BJF-r?'B*i0RR$n-Cl> 
i^ct^fSJ©±JCCVDS«:<fcO S i C*xf^S?+i> + ;U^ 
S$-a-rxf^?+i^ + ;UfiSSB*iiaTSXS (c) 
i . ±f 3x f ^ >- 1. ;Ufi£Sji©±tCiJ>JS < i ^ 1 o© 

±^mm^jimr?>jLm id) ±MBPF-Pim v-^m 

©±K::j-- 5 y i'mSiJ^STSPSg^J^fiR-TSXe 

(e) <i:?^$^■Ct>•2>. 

[0 03 0] c©:;^aK:cti3. Xg (a) fcfct^rs i 

ar$^?fi^B^t4©cfci>^^ \'-ym*mfS.$tixi>6 

■C. S i CS«©TS|JSSi©S^iBr©S^©^4*sSP 

[0 03 1 ] ±tBXg (a ) t?±tBS i C>'<;l'5'«firt 
iC&XStli^Pm^^lyit. ±iBS iCM;Ui>S«© 
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nfc:fiK«jF- yuccas n^^*$!^?^«±ies i c 

[0 03 2] ±IBIS ( b ) iilBIS ( c ) t^m^ 

(c^f ^ c <b K J: 0 . ^i>^ct>ig-c s i c^4-m{^m^^m 
[00331 mm<Dmmk^^7-:>x. iss^mi f-^ 

liters 4a i,:^mii\^m.<D t:-^ m^p&m Y - V 
m^m*^hU^ 1 0 0 0 n mii^rt©Mi^K:{4a-r-S J: ^ 10 

l5lXS*s±SBXg ( c ) ilgl^KfftonSCiK: 

J;0. ii^^ci^xstr^^Hjos i c^l^^(*^^^^tii»T 

raxSiXg (b) . Xg (c) i*i 

[0 034] ±fexg ( c ) r»> ±§SS i C>'<;Ui'« 

f ^» + 1' Jl/JlCDifCll 2 2 i f + f ;U» 

^, ±iBm 2 ib-^ + ix + ;UB(D±fc||l^^MII 3 X 20 

b-^+i-f ;uji^^n-eniii{cjf$RSt. ±iaxii (c) 

©f^. Xg (d) ©MCC. ±IBll2SZ>'m3if^? + >' 

>9=-*?fj^-r^xg (c' ) so'iiBf-u^^^^si'^y 
- F^M^^^^-c±i^ll i x f5'^i^+;Ki©±:^(c 

^- Fm@5:J^fiX-r-SXfi (c" ) ^^h^^tsCtVC 

tt^b{c<fcO(gj«2nTc^^©-c. 
R-oi^mommMo s f e t^Mj^-t-s c i^^-c^ 

30 

[00351 ±iBXg ( c ) K:fcWS»ffi©jagtt 1 3 

0 0~2 3 0 0*C©®HOC*.5C<i:{Cj:«3. MH^i±©a 

S|ji-r-5C:i*ir#S. */c. Xg (a) ©'f:t>aA 
[0 0 3 6 1 

©^ 1 <Dmmmm-v$) i, . mwrnic^it^ n/c f - 

>'^•> F-r jf->^^*. aS±«:S i C©it*5?=t^e;^ + ;i' 40 
^SJi4«i^/ts i CK«©»ig:^ia«:ot,^r|jii«-r 
•5. 

[00371S1 (a)~(c)t±. *^SfeJgSSfC(jgS 
S i CS«©S5Jit:^S?r^K-r»rSSr&i. 

[ 0 0 3 8 ] H 1 ( a ) iCTS-rxg-C. S i C^-A-Jbd^S 
Si 1 ^Srig«|-r.5. S \CJ^)ViPWSi \ 1 iUrtt. 
iLtf . iS*s < 0 0 0 1 ) S ( cB) ^'^ [11 -20] ( 1 

1 2-'>'-o) :^rifi)K:8e©:t:7ft§[*so(,ifcaDr. as 

tCS iM^*«afe^t?C»4, iaS2 5mm©S i CSS 
(4H-S iCS«) «rfflC»S, C©»S«nS-C. + 50 
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-t-UTfigSlJi X 1 o''cm-'-e^>e. ccri 
ffiitt^ ^ffi^3As/jN$ii:&©Hr*-pr, t^T©xg 

[oo3 9];^ccc. nS©F->'^•>F^'^>-c^)•sa^ 

7|5|©-f3j->aAXgCC^WrS i C/N-^l/^'SSl 1© 

7. OMe V©»njl^l£©-Y:t> F-XS?: 1 X 1 0'' 
a t om s • c m-'. 5. 6M e V©Jn)i^ffi© F-X 
a* lxiO*'atoms - cm-'. 4. 4Me V©Jn 
SII)E©F-Xfi€r7 X 1 0»*a t oms • cm"'. 
3. 3Me V©ttIjI^E© F-X*?:7 X 1 0"' a t o 
ms - cm-'. 2. 4Me V©Jnji^JI© F-Xfi4 3 
X 1 0"'a t oms • cm-'. 1. 6MeV©JnjI^E 
©F"Xa>&3 X 1 O^'a t oms • cm-\ 1. OM 
e V©ttIjimE©F-Xa?r3 x l 0'' a t om s • c 
m-'iL//c. 'f:t>aA©:^l^«. l^-r*a©J«^Cc4)S 
iCA;l/^SSl l©ffii^«:?(tU-C7' m^icjj\pi'Qib 

0. -Y^i-^aAttSSTrtfori^So 
[0 04 0 ] cnccjrO, S i C>'^';^i'aSl i©«ffi 

±(c{iaAai 2AS0fiS5n.5. ^ct>\ c©i#. am 

©a®*i 6313*^1 0 0 0 n mJWF«i©^JS-C«^-CifiB^ 
T€.J:^tc. ^3^S*5-e©f-i'iS®J;DfelS<^j:o 

[004 1 ] ;j>:(C. H 1 ( b ) tc^-rxg-t?. C V Dffi 
«:j;«JS iCA;i,i^»Si l±tcS i C®*xf^+-> 

[ 0 0 4 2 ] 02 tt. *^HJ©SI|]!iS0.^K:*i(,»rfflC» 
i C V D ^©«fi)c?:m-r WffiH r & ^ . 

[0 04 3 1 l5ia{C7n-rJ:^ec. C©CVD<p»:^i!{ 
©9^ + >>'^•-5 0 i. g'■^'>-'^'-rt{CBBg3nS i C-'>* 
^Ui^aSl l*8aT^.fc«)©*-:K>^©SS5^?& 

msii. sig3^?&*5 1-^s ic/^^i/i'asi 1* 

?SSjKm;^(c J: oTJnl^-r Sfc«>©gf^l»ffl3 Ji' 5 
2<i:. :</X«i|&IS5 3t> ;*/;:^pm»5 4 i^it^rt* 
i. 

[00441 sr. C©CVDjp©5=--f >-'^•-5 0F«9* 
1 0-'PagS©K^a[{c^cS$-CMffL/cS. :*/X« 

5 3 *^ P,#«?;<7 ^ €:«*&-r S , 
[0 04 5 1 #«?;tfX<!:Or»7K^/7*X^SJRL/. 
»2L/min<i:Lfc. i f^f ^^i^-p^I/fiSS^©^* > 

^^•-rt©E;^w^l^ ( i«ii) -c-^i^s. mmmm 

ffla-('jU5 2tc. 2 0. OkHz. 2 0 kW©ii5^jg?m 

[00461 i^t»r . SffiiaiSAifiRsmtciiBSLfc^ 
.■#.-C. xfi'=^^i^i';l'fiSfiffl©JF.f4:*fXSCXF->'<> F 
;^;'x^^^&-r4, iMI4:*/xior«. s i h,Slcxc,h 
.^rfflCK S i H,&i>-C3H.©i^S«^n^n3mL/ 
m i n<!:2mL/m i ni-r^. nM© F-^^'> F:</X 



u 

i OrW^S?rfflt>. -eoSfea* 3 m L/m i n if 

[0 04 7] S i Cib-^=^^2^ + ;l/^Sa(DffJ 

RSUlgtCfct^T. /i^;<f:^©fitif^S (S i H,©«|&a 

6 0 0°c) ©B#pa^{b(Dyn-fex^^T0r&-2>„ Si 

Cf^)Vi;mu 1 1 ±(c?gRg ^n•2>it•^^+^'+ ^u^sa 

1 4 ©Jf *tt#t)3 M mt?. CWfiRS®*® + 1- 'J rag 

«1 X 1 0" cm-'-C&-5>. 

[0048] ;^cc. 01(c) fCTj^-rigr. iiififA'X 10 

± L r X f *x + Jl/fiSfi:&i|^T $ -S . 
[0049] 2f:XgCC*JCir. 1 6 0 0 'C^Ctsm 

titcnc^*). m\ (a) K:7ji:-rXgrtf-pfc-<:t> 
aA(cJ:i3^i;y£S i C>'^•;^^'S«l i©i|gS1tit©a 

»nMF-7'ji 1 5 iJ&^. 

[0050] */c. ««KS©n^ F-T'M 1 5 ©«» 

SP^fix e ^ =^ JbfiSfiH 1 4 ©ff$fi5c©I^CCS^f 20 

C(Dtc^. x-:,g^>y^©fl|f^;5rtf5Ci^cUfCn 
M K-:7"Ji 1 5©^ fe^^Siiget-C^tfgp^^^ffi^ 

[0 0 5 1 ] ±^<Dyjmi,cj:<ommstifc^mmmm(o 

S i CSS«. 4 H - S i CmW.-C$,^S i C/^-J^i'» 
SI li. Si C>'<;Ui'SSi i±ccxf^?+i/+;u^ 
S31±A:S i C*i6i&-5*1?*>J3 iLtm©x f5f+»/i' 

1 4 i« Si C^<;i'^SKrt©«ffiO!iJfcg:W6n 
tcmm^l X 1 0" cm-^©^«^$t?/»3i^3 Mm© 
nMF-7*/li^(i^-Cl^4. i/c. SiC^^•;^i'aS 30 
1 1 ixb-if+i^i-JUfiSSIil 4i«^|{Cl 0*'cm-' 

©a«^^^f 1^5. 

[0 0 5 2] -affi4i©S*7"P7T'f;U- 

. X f if + *^ Ji/fiSSa 1 4 ©?^^i ©SSSBic 
*jl:f S n M K - :7B 1 5 ©^ 2 :^fSl©^iSS© :/p 
T-CMCOli-C. 2iX'f:t>®S^Wi^g (S IMS) 

[OO5 3]04«. S I MS%fflt»T^WUfc^© 

as 1 1 <Dmm±icm^^m 3 ^ mr k h 40 

*^l X 1 0"cm-'i. S iC^^Jl^mUl liCtt^X 
#fj-ffiilf I >|ge[© n S^«I=Sr^t? n S K - 1 5 *s 

[0 05 4] S:^c. 04*^6. aS©«M(|iJ*>6mrS 
»{4S«: * ^S^igS© f - « . n M F - 1 
5©^^*ffi*»6ai$«^5 0 0 nm«T©^«K:*SC 

Lifi^ff^i, cnw. ±fa©-r:i->aA^f*:-e«ffiA3 

n/c^^igS©f-i7«affi*^6^3 1 0 0 0 nmJil 
F- T'S 1 5 ) <r>^mm^\m 5 0 0 n mt^JJ^HLfc 50 
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[0 05 5 ] CCr«nSF-7*)ll SW-^-^a 

S{^a©S^S«*>J 1 X 1 0 > ' c m-' i o-CC^-S 

01 (b) — (c ) «:^-rxf^^^i^ + ;l/fiRSJll 
4©0fi£XS(Cteli-C. »«aS?:±lfS. «)U<KX 
fi?+i/'i';l.sS;g©B#pa^5ig-r.5^ci\ ^'^^wmt 
^ C i cfc «3 , n M F - 1 5 ttJ©i«;?SgicM^^$ 

[0 05 6] -mmm'^Dim- 

fer) ffiffllJ(Cxfir^='>i';UfiSS3#/cS i Ca^Wf 
^S^*©S i CSS^ff^Lfco ^l//cS i C»S« 
nM©4H-S i CT. agiti©++ UTigSttl X 1 
0" cm-'ra>ofc. Ajrii. xfdf=*^i'i';H5SS®©0 

R5^ft=&o*x f $ 4^ + )\^im.m<oMMt:^mmfm<o 

S i caSil5l-iL/fc„ 

[0057] iXtC. :*:^Jf^g§©S i caS&O'iJ^^S 
JI5{cj:o-C{'^U/cee3l5©S i CSfi©#<?©«®SOf 

Kffitc:i-- 5 t'WM^m^hx^s i ca«©mm# 
tt^SI^b. c:©fiJSifeS<l:0, wmmtt-^vi? 
m@ <!: ©war ©SMiStatcr? I > rffffi b fc, 
[0 0 5 8 ] sr. §S i CS«©mMK:ieS0. 5m 
m©- -:/dr;l/ (N i ) F f FMS^M^f- A < E B ) 

^.«sigtcj:r>-c^,«ufcf^. tin^,^-c 1 0 0 0 'CTSn 

(fcfer) ECC^baSO. 5mm©N i F y F^*E 

B^«gg(c<i; -yxmrnv-tdik, imm-c i o o o -c-c 

[0 0 5 9] 'XO^r. #S i CSS©« (fc^r ) Hi 

[0 06 0] ia5«. *||JS0.^©S iCSSi. fit* 
S^{cJ:or{^SLfcfie3t5©S i C»ffi®-etien{co 

«> fiE*©S i caSitt'^r. Bl— ©mE5rEn»nO/c 

^jcfc j:^?- 2 (Sia< ©^j&ssgnri> 5 c i *s^3&iS. 

[006 1 ] C©ife**^P). *||]^0Sg©S i cssr 

«. F-^<> F -Y:t>7!»saA3nfc«^ (SAJS 1 2 ) 
W. xf3f=^^->i'-»l'fi£S® 1 4©Jf$fi£ttiK;rStt{b3n-5 
CiKiO. S i caS©++ •JTj§g«:J:b-<riiSlnS 
g©^?r^tfnMF-7'Jll Sttji-oXt^^^Ct^^ 

[ 0 0 6 2 ] ^cte. *:ii;teff5fii©s i cmmt. «S© 

Kffii^ - 5 ^^S<!:©P^©SMiS5i*ifit*©S i C 
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[0 0 6 3 ] ttc. ^mmmm(Ds \ c(Dm&:^micj: 

tut. «AL)t:^^(D!«14{b. -^:t>rr%iA^f»jcJ:-p 
[ 0 0 6 4 3 :*:3^J^SI® S i C»ffiODMiS:^r^ 

6fc/jN$ <-r?>c iJ&^-C^ ^. 

[0065] *3ytffJ,^.©S i C«flx©SSi3S:&ft" 

•Tffe© m«, >)y=^-{tymxhxi>mw^ 
^•^ig (B) ^ci'. p^©F— '^•>^*'f:^->aAur 

[006 6] * fc. :^||)5£JfJ^©S i C««©|^iS:^ffi 

©pg-caAL-CCi^*, Ctl»nSF-7-Jgl 5©aM3&s 

^jp«?)(cm^-^8**s*^. ll^iC«m— ©aA 

i;^;U+---C-r:i->*aALfcit-Cfe«ffi«M<!::j-- 30 

[006 7 ] ^cfc, *^]Sfeff$,®t?«nM K-7"J1 1 5 * 

?fMT-5/cA(c-rj(->aA©»n3iiiE^i . o~7. o 

MeV«c|9:SL/c*i. aAr*-r^>©j!jDi$«E*3?. 
U:ffi<-r^Ci-C. :F*C!^?iiS©f-i'fii[g*J:«5*B 
Ccia-:5lt^C<h*if /c/cU. C©«^{C«nMF 
-•^m 1 5©J»*»»< j5:-2>. 
[ 0 0 6 8 ] iE/c. :$^jm<DS i c»K©Sjt:^rs 
{Cfel^rtt. S i C»«KS©^ffi«: F-''N'> F -fjj-^ 
?rffiAL/c75i. S i CaSKffi©*^gP^5r-7;^i7|pf 40 
S^CiCCjr-p-C. — S^5^^C©^?).F->'^•> H':t>?ra 
ALTfe^to^CC^ 

[0 06 9] S/c. :*:SligJf$e8«:*5t,ir«. S i C>'^';^ 
^afeiitcj^^T-S S i C©ifc*5f + V-i';UfiXgJl«;« 

>;> (p) ^c^*m»■c^>J:<. ^^-j*^ (b) . t>ii/5 

(A 1 ) ^d:i-©p^^;g35rffllir4>it^ 3; 
/c. S i C©xf*^^'->'JUfiEg)l7!)inM^*SiBJ5r#tf 

[GOTO] $/c. :*:j|6Sil^mfc(.>r«. x f^+-> so 
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tctf -0/6*5. c©2 o©i?i*igiB#{ctf ^c ^i£;vS«!£i«-r 

[007 1 1 a6». xf^i:<^*^+;i.fissxe©s!r{c» 
ffi©rgttftT^-;i/*ffi^d:^iS^©Il*4;Vx. ffil^ibr 
^-;uB#©7k*:^f;^e^*&fiSD^asae[©K5Fr^^<b©7' 

■r^>ci-c?gtt{bT--;uori^MU3t^iic^. Uis. 

[0 07 2] $/c. a7»> xfc:-iJ^-'> + ;l.sS;SXS© 
f*fcas©rgtt{bT--;u5r?fj:c^i«^©llM*':^. tS 

{b©r^P42X©— FJ5:7i^-r0-C*S, l^afCTi^-rJ:'^ 
tc, xf3f=*^i/+;l.^SS©ffMISm»«^tinl»t- 
^Cirrgt4^bTx-;i.bt:feML.5:^^£C^. C©J:5 
tc. xf 3?+i/+jl/fig«Xai«fiz©ffii4{bTx-;b* 
SiJlSTtf i^c 'J -nmci.kx\t. X f:S? -f ;b^S)i© 
JfMXS©S:^(cJ;6-r{CS i C»«©Sffl©S*S* 

[ 0 0 7 3 ] *j|]5fe?^SI©S i OmWJymrfS^ 

cc*jiir». xf^+v'i'ji/^iSft® 1 4^ffj^-r€>as 

SSi Uri 6 0 0 "C?:StRL/fc*5, C©Saicpg6n 

■r. 1 3 0 o~2 3 0 o•c©eH^c^)-sci3!>5Jf^L' 
c». 2 3 0 0 'C^a^ S i S i C d/»« 1 1 

T-5*j-en*s* «3 . 1 3 0 0 'c^rg-ctts i cmw?<o 
[0 0 7 4]Jjn^r. s i c©xfdf+>'-pji'RS;fixg 

il^l^tCS i Caffi©affl«r#*3^S»^K:«. 

{c^>^@$ns*s. Sffiias*i 1 4 0 o-c«±r&sc 

[007 5] ^ur. ±^©»«?ae[©«EH©tfc*>. 

M-r-5©K+^^cj»;5c-eff$i?R-r€>/cj*K:, xf^+i^i. 
-lu^fixsictei^ 1 5 0 0 °C~ 2 0 0 0 °c 

[0076] s/c. *lligfJflK:*ji^r«. S^K®-^ 

©S^-<^>©aAXg©f*{CS i C©xf5r + i^i';l' 

it^tc. S i C/^•;^^'»«a^**iH3H*^R^^®i^^al^*ll 

<hbrffll,^-5Ci^>r-^^„ /c/cO. '^©l^tC^j. 13 

0 0 -Cfeli-caffictntC^i n^^^^©rgtt{bTx-;l/ 
Xg«!i:>SK:Aj:2,, c©:^SK:j;OS33tL//cS i ca« 
©nSF-r^@(ctei>r«. ^^ifia©hr-i'BaB*» 

1 0 0 0 nmW±©Ml^tc*€>^>©©> e£*©S 

1 cafe<bJt-<S<t. f d'mSi©SMffilA«fi 

[0077] ^c*J. :*:||SSJ^iS{C*Jl»r»S i C-'^Jbi' 
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mm.tVX4H-S i Cm^^mi^^tcifi. 6H-SiC 
10 07 81 $.tc. Si C^Vli^m^iCR^X. S i C 
UWGaN h^-T F) ttS^ffll^-SC <!: 

[0079] ommmm ) *bhj©0 2 ©nMffj 
jSi ur. mi ®ii*te?K^(c(^s s i cmm^mmiyx 

10 

[oo8o]08(a)~(c)». imm6m.\m^ 

[008 1 ] *-r. 08 (a) ic^K-rxg-e. s i c/n* 
;i'i'S«2 1 ^nni-r-s, s i cj^)v^m^s.2. 1 iur 
mxu. ^m*^ ( 0 0 0 1 ) B ( cB) [11 -2 

0] ( 1 1 2^^'-0) 75"I^ilCC8a[©:i-r'fta*s-:>l,^fcM-C 
ii:S2 5mm©S i CSS (4H-S i C«S) 
*ffll»6. C<OWmtnmX. + -p T?ft@[« 1 X 1 0 

"cm-^-c*^o ftnamn. K-xa. ax^ 20 

<!:(.io/c>r:*->?£A^ft*01®IISS?f^^®S i caffi 
Oi^^:^?*i[^D{CL'r. S i C/N';l/i'»tg2 1©R® 
«:SS^'r:i->2 3*aA-r-5. cn«:J:»5, S i CA^b 
^a«2 1 ©RMtcttaAB2 2*^m^3n^o 
[0082] -X^C^ 08(b) fC^K-rilir, S i C/^* 
;Ui'aS2 l*02(c^TJ:^;^j:«^^Wr^>CVDi^ 
©5=•^'>>'^*"|^9(C^gL/. S i Cj&i^J&^xf^J+i^i' 

;u^SM2 4©j^^^tf^c5, c:©ig{c*ji>r. 

SffifcaA^n/c K-^O h :i->©ffii4lbT:^-;l'355 
l^l^tCtftotl-Si^tC. -<:*->aA©ISlCiD/cifeS^ 30 

[0 08 3 ] :*:Xg-C©x far+'> + ;Us£S©^mi. 
#iB;:^*Xt?*-57k^:*/X©fifefi*!t2L/m i n. mMif 
xr*.5S i H,RCXC3H.©j3S*«-€-n-en3mL/ 
m i n i 2 mL/m i n. K— >'^■> h *'xr-S>-5^S© 
ijga«0. 1 mL/m i n iT'S. xf:Sf=i^S^ + 

^l'fi!SSI^©^i'>-'-{-F«3©E*«^E (l«ffi) -e-^e 
i I.. 1 6 0 0 -CiT-So C©^frT-CffJfiE 

Sn/cS i C©xf ^?=^i^i';l'fi£Sll»J1^5»-A5$^j3 Mm 40 
-C. +f yT?ga»l X 1 0*' cm-^rabofc, 

[0 084] '^tC. 08(c) tc^n-rxgt?. 
©«*&^±«f>r . X f ^ + + ^I'RSSH 2 4 (Dnm=S:m 
f)h^i>. c©<b#. aAli2 2tti«:^$n-2.a**sf§ 
tt^fc^nr nM K-7*g2 SiJtcS. 

[008 5] C©J: ^ «: UT?^fiEU/tSSSH±©n S 

K-7W2 5©ai3:^isj©s^r^g«. 04K:n^-rs i 
M s «: J: -s 7*a 7 T -f ^ui lilli©7'a :7 T ;u^7j^-r, 
•rtsit>%. ±12 S i C^^)\^i^m^2 1 ©«®±{cllJ?f*J 
iKl3tfm-C. K--'^•>^^gS**i^^Jl X 1 0"cm-'rS 50 



2003-86816 

16 

SKltk'^riSj-tifi^l,^^©^^?:^*? n S K- 2 

2 5 ©^ ^aagi5^3-«^ii(cj; gij6nr*j o . 

S©f-d^©5^SfeSt»*>©«, nS!F-7*B2 5© 

aS*^^-^$ 5 0 0 n mJi^rt{C^)S, 
[0 0 8 6 ];Xfi:> S i C^^';^^'aS2 1 ©SffifcE B 
^.«gg*fflC^-CN i *^.«b/cf^, mm^X 10 0 0 
"C-CJim-r^C i-CN i iPhfi^t- 5 d?S@2 8 * 

[0 08 7] ^t^r. xf5r + >'i';l'fiSSJ12 4©±{C 
C V Office i'{c J: »J 2^ U 3 ^M-ffcM* JfM b fc^. *© 

-g|5*ggnut:^-Fy>i'2 6*ffj^-rs. 

xf^r:^^-> + Jl.^SJ12 4©^i^:^/- Fy>i^2 6*5gg 
□ bi''cMJi©±(C. ^ (Au) ^^htt^Ua y h=f-m 
ffi2 7%ffM-r-5. 

[0088] «±©XgtCj:f3S!{5t3nS:*:|ligff$SI© 
i^a h + FB, S i C>'N';l'i'»fe2 1 

S i C-'^';^^'SS2 l±(CJf^^3nfcS i Ctf^hU^m 
S3 uin©xt*^r+i'i'Jl'fiS;S®2 4<!:. xb'^+i^i' 
JU^gil2 4±JC}fM3n-C^©-gP*55gnL./ci^';=i 
>Mfl:^(SiO, ) *>6^c5:^'- F'J>i^2 6 x 
fa?+i^i'-»UfiRSJ12 4©'5%:i?- F ';>i^2 6*^|gp 
L.fcMJ^©±K:j^fiSSnfcAu*^6/i-5'>a F*-« 
612 7 i. Si c>'^•;^^7aS2 1 ©MH±cc?fM5nfc 
n M^M!e)?:i«?m-C^tf Jl 3 3 M m © n M F - 2 
5 i> nM F-7-Ji±tC^.«{C J: <3?f^^3n/cN i 
^C-S:t-5 -^i'SS2 8i*{i;iri*-S, xb'i»+'>f 
>'l'RSSJ124. S i C/^';^^aS2 lS(:/nMF->''ia 

2 5 (c^* n-5^©?^». ^n^n. i x i o" c 

X 1 0^* cm-'m\x 1 0"cm-'r*So 
[0089] ;^C{C. *jlifif$Sg©'>a F 

Fi^mittt^&tb^-r^fcs!). se*sji5ccj;orf'PKu 

tcS i Cafiz5rfflt»ri^3 y Y^^m.h 
tc, fj:i6. MK«i4>nM©4H-S i caffiittfflL 
rte«5> SS4i©=^i' UT?;ie[« 1 X 1 0" cm-'r* 
^. Xf^ + i/ + ;Ufi£S@©ff$^^m5*^. '>3 -:;F + 
F©?i^^^m3:> :*:^Sfi0,^©i' 3 F=<^- 
d^-Y:i--FiISl— iL//c. J&fc. 0^L//cXt'5f+'>i. 
^URSfiJl»/Pi5».**«j3 um. +f UTiSgJil X 10" 
c m"' i L/c„ 

[oo9o]miy3 V [•df---^-(:t-- h'<D\tmt$m. 

[OO9 1]09«. ^WBm<Diy3 y h^-^-it 

^UtciyB -y F=i^-5^-(:i--FK:i:b'^-C^>mS£*i|ij2 
miik±Jz^<tj:r>X\.^i>Ctifi^tf>i>. cn». Jt^Jg 
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[0092] * /c. :i->SEE <^>«gS*5S£tlJi&8e>i.i 
[0093] i&te. ±g2©->3 h+- 3^-^:1-- KtcM 

:&iSiSBE*Ei«]nL/fc«^©iinssfe»i»pA do-" 

EnJn^©ilHII4>|i|#-C««|BlG-C*-D/c, C©Ci«> 10 

I f 1- -'URJtSBo^stttc K t ^ i'^s*-^^ r 

tifc. cti». ^ussj^ggov-a -7 ^+-^'•'f:^■-K 
». fit*© 4>© i it'<Ta&f'P^©S:^7fi*J&Sii>^c «, ^ C i 

?:SB*-r-5„ 20 
[0094] Jn^r . :*3ISiff5.^.©i^ 3 h ^-r :t 

j?^iA$nfc4^#(*«^(c*j(,^rl^Jc J: -5»(f'P^m©^a£ 

[0 09 5 ] :*:||Jg?f5ffi©>'3 F^-^^-r^- 

FtCfcC^rtiS i C>'^•;^i'Sfe. if^f + '^f ;UfiSfijl 
S:0':7^igJ F-7'Jg (nM F-T-®) © K-^O F i U 30 

[0096] /j:*>\ 2|s:|ISSJf$Sg{c*JC»r«i/ a -^r F + - 

^^^r^'SCifCJcO. S i C:>&ie!&.SnM© F-7' 
Jl<!:pM©F-r'-ai5:S i Caffi±tC-€-n^nxf^f 

[0097 ] s/c, m 1 ©iiJ6?fj,#,©s i cmwitmm 40 

tc. '>3 F^-y-f:*-- F*©^!!*^!!^^^©^ 
toOtC. 5^-:;^ <B) . T^US^-tJA (A 1 ) Jit'Op 

[0 09 8 ] yifc. 2|£|UgJf$e|©t'3 F+-3''-Y:^-- 
F©t^i^:^a^c*s(,^r4>. ^\(DmMfim<os i cas 

©SjS:^a<!:pI«|«C. S i C)i©il^^f4^-> + ;HSfiX 

s^a«©T:^- 'J >yx?i©B>i&.st,HJftK:^itrtf 
©xetc43«,»-cfcs i cwssm<j>mm^f&c-rctifi 

"Cit 50 
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[0099] (^3 (Dmmmm) *^b^©ii 3 (ommm 
mtL-c, mi (Dmmmm^cm^ s i cs«©»{jg:^j* 

[0100]^10 (a)~(c)«> *||Jffi^5^,{C^^ 

-7 -MO s F E T =&*tji:;^*^-r »rffi0-C* 
[oioi]*-r>0io(a> tcTjk-r Jim-c. s i c 

^^*;^d7aK3 1 ^riifii-r^., S i c-'^*;^i'aK3 l i L 
T». mtf. (0 0 0 1 ) M (cM) *^6[ll 

-20] (1 1 2>'^•-0) :^|oJ«:8g©3h:7ftg[*^-3l,>fc® 
-C*S. iaa2 5mm©S i CSS (4H - S i CS 
W ^mi^^, C©SSe«nST. ^^ + yT?fiS«ix 
1 0^' cm-' 

[0102] -^Xic, mmms.. f-x«. ?£Aft!&i'© 
^ft^^n 1 2 (Dmmmm tm-icvr. s i c >'^* 

n(cj:»5 . S i C>'^*;^i'S®3'l ©K®ffliJicaAJ13 2 

[0103] -Mc. mio ( b ) (cs^-rxgr, S i c 
j^©ii 1 ©iusB.« i isi«i©^f^^r . s i c 

3 1±K:S i CJB^rif^f^i'i'^i'fiSfiS-li-iilllB^K: 
»«KfflOcaA3n/c F— F 'r:*->©?g14{fcT-- 

[0 104]C©^«:> JI&8{)(CnMF->'0 F*'X. ;x 
l»t?pMF-^<> F^;^> '€-©^>CK:nSfF-A> F^;?^ 
^J^grt(C^ATSCi{Ccfc*3> S i C^^•;^^'SK3 1 
itcHiiCnM. pM> nM©S i CJl*?f$fiR-r-5o 

[0105] ifif+'>-r;U^S^f^5i> miRii X<07i^ 
miJ:^<omS.1fi2 L/m i n, M*4//>^©S i H,Syf 
Cj H,©iiKS/{)i-€-tl-eia3 mL/m i ni 2niL/m i 
ni-r-S. */c. n^©F->'>"> F*';^iLr«^ 
pM©F-''^•> F^XiLTttF »;y ^^Jl/TJl'S — 
(TMA) x f^f +;W^SB$©5^ + 

>^^'-F«3©)I;^>«^ffi (1«)E) -C-Sil/^ fiSSsa 
«1 6 0 O'CiT-S. 

[0106] C©J:^(CUT> ±ias i C/^)Vt>WRZ 
1±K:. •JT?m$^2 X 1 0" cm-^©^-1'3^> 
*^^A3n/^cS i C*^e.^c€.;i^*n 0<zm©nMif 

^?=*^i'i';i'fSfi)l3 4 i. +-f yraiSS^ji X 1 0" c 

ni-'©T;P5^'!>A-^:i->*s^A$n/t/?;5>3&S3 um© 
p^ib-^? + i^f;UKS;Se3 5 i> +f'JTj^*^)lx 

1 0*'cm-'©^-r^>*5^A?nfc/S**iO. 3/i 
m©nMxf^=^^S/ + Jl/^S®3 ei^^^Ofc. 

[0 1 0 7] aA®3 2tt. SiC©xfir + '> 

-7)13 7 iJiS, 

[0 108] 3?)(C. *Xg{C*sl>r. S«Sffi«:aA 

$nfc F-^o F J^>©^§t^^kT--;^*^|g^{c^f*? 
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C0 10 9}C©<t#. nMh'-7')13 7©gil3:^I^I© 

tnmcoy'nv y ^ )Vtri:i,^ c©0J:«3. nmY-V 
B3 7«. m^ti^mz um-r:. X 1 O^'cm-^iS 

* /c. n S F - 3 7 ® ^ %«iBSIJ^«#l|{C J: «3 glj 

nSF-7'il3 7©'5-^«ffi*i6ai3 5 0 0 nmtirt© lo 

[0110} -X^. 010 ( c ) (c^^xs-e> WRl. 

[Oil n *^ 1 1 0 0 •c©iagTT'»ffi*^ 

a«©^ ( 4> T) ffl:Rj>-«HK: E B mmmmic j; ^ -c 
N i ^mmri>o ^xt-^-c. traM^p^j-csfig:?: i o o o -c 

©±{cy-^mffi4 1 S««ffiffliJ©nMF-7"J13 

7 ©±(c F u -f >ii@ 3 8 ^-en-enff^^-r -So c ntc 
[0 1133 -r^jrto-fe. «±©«ii:^rffitcj:f)(^i?3n 

•5*llife?^^©«JSM O S F E T n M^JsE^€r^t? 
S i C>'^•-l^^'afe3 1 i. S i C>'^'J^i7«^3 1 ±K:jli 
tcj^^$nifenSxfai+*x' + ;UfiSS«3 4. pSif 
H'^ty^Jl'fS.&mS 5S:0'nMxf3f+'>i';WfiSSI83 
6<b. nMxf:S?^->/ + ;U^^KS®3 6S:0*pMif^ + 

3 4f*3{cMS F i'>^©ffliMSi5jicfigg|5{cg:i-f en/cs 

gW^nfc^K'Ji"; 3>*i6!^C-5y- Fm®4 0 i. n 40 
Mxb-$^i/i';UfiSftJ13 6±{CStf en/cN i ^^^^c 
SV-XS@4 1 i. Si C''>';U4'S«3 1 OKM±«: 
? tifciS?SS©aS^ ^t? S i C j!)^ 6 i^c ■5. n M F - 
^m37t. nMF-:7"I13 7©±«:?f$fi£3nfcN i 
e>^C-5 FU-f^'^S Si^ii^-Cti-S, ^c*i. nMF 
-^113 7tC»iSS3!>«l X 1 0"cm-'©^3^$*n 
rt,i-5, 3J/c> V-;^^4 lRDfFU-f>«®3 8» 

[0114] ;x«c. mmmicj;:^xfiF.m^titcmi(o 
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SFETttmbtc. Ajrtj. S i CS«»ittCnM©4 
H-S i Cr. Si C»firt©S i C>'^';^^'»S4I{C^ 
yT?fflS»l X 1 0" cm-^-r*s. SE*© 
S i CSS*ffil^/c^[^S^^•7-MOSFET{C*Ji<iT. 
if3? + i/i';l'^S3-a-/cSS i CB-^y- VMW&Zf 

^mmomfS^mt^^^mmom^Mo s f e xiisi 

-i L/C. 

[0115] ii|>'^•■7-MOSF ET©^-m)E#t4{C 

-:3C>r»j^Lfc^*. L/*c»<iijy±©lBji;mffi?ry- F 

^icBmotcm^. 2l^^&0Sl©«^s^^• -7 -m o s f 

-MO S F ET^mtl?>mWLI>Ctt-^xm2m&J:^^ < 

o r (,> -S C i *5^3!»i -3 tc, 
[0116] CtlB. 2|^lfi?f^SI©^[^a-'^•■7-MOSF 
ET{Ctel^-C. aSKSffiJ©nMF-7*)13 7<b FU-r 
>^S3 8©rBl©SMffiK*5;^iH(C®-MU/c/c26{C, Ji 

:^i6jmE^£Entin L/C i t?© f w >«iJS*iA* < /j: /c 

fe©i#?L6n*, 

[0117] C©*S*7&>6. K«©*ffifC F-^-O F 

JfJ^T^ C <!: r. :t >mife*5fie*S'pf5K:J:b'^-C 2 ei^± 
^#m*^#ofc*a^>'^•■7-MO S F E T*f^ 

[ 0 1 1 8 ] 0$ . :$:^»18©$aM^^''7-MO S F 
ET©«jg:^^u:j;n«, S6*{cj:b'<rm;^;a^©^^^c 
I^ISJS-'N* "^-MOSFET ^{'Pf^-r -5 C i J&sr* So 

[0119] fln^r. *ll^iSff5Si©^aM>'^*•7-Mos F 

©^f^M>'^•'7-MOS F ETJcteii-Ctt. fSltcjrSS&fp:^ 
[0120] i&te. *||^feJKSI©-'^•■7-MO S F E T© 

iSj*:^cc*jc»r*>. ^i ©j|*SJi^si©s t c»«©S{ 
S^©T-- u >i''x?i©8u*S(rHif^K:^w-c!f ot: 

[0121] i^C*J> *l|]5®?g,«{Cfcl>r». I^>'^•'7- 
MOSFETOW^Ijmi-C-Oi^xm^fcf)^ 

mm^m^ tcmmm^'^w ^ . s i c i-©/N-> f ¥ t- 

[0122] 

mmo^nim] ^^m<os i ca«. s i cm$wm^ 

Raf^©i?3g:)5-ffitcj:n«. s i c^-i)Vi>mm.<Dmm± 
(cs i c-'^•;^4'»Sl^J©+f ';Tsig{cJt'<r+f UT 
iSK®it?t^^^F-7'®€:ig:i^sc<bK:j:«3. asa 
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mi] ( a) ~ ( c ) ». :i?:Bm<omiommmmc 

C H 4 ] :$im^<om 1 cDilJf01?,«o55rSK: J: o r x f 

SXIi©Bff(crg14lbT^-;UXe*tf^j:5«^cD7'P-fe 20 
[07] :4c^BJ(D^j§:^a(C*Jti-C, if^?+i^ + JU^ 

[0 8] ( a ) - ( c ) ». *%B^CD|^ 2 ©USSff^^tC 
^^i'a KCDt^J^g?:^J^■r»^ffi0-C 

[09] *^B^©m 2 (D||J6»$!|gfCl^.5 3 h + - ^ 

«tt!^?r^-r0-C*^o 30 

[010] (a) - (c) *»?a©m3©iiifej^Si 

fC^Sl^M>'>*'7-MO S F ET©i«jgXei&n^-r»rffi0* 
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[??^©|jiB^] 

11 Si cj^)Vi>mu 

12 aA® 

1 3 mm^^y 

14 ifc;-3'+>'i';l'^«)l 

15 nMF-^'H 

2 1 Si c^^jii^mn 

2 2 aAH 

2 3 mm^:t> 

2 4 xfir + 2/'i.;U^fi@ 

2 5 nMF-:7')S 

2 6 :*7-F';>i^ 
2 7 F=1^-m@ 

2 8 i>mM 

3 1 Si Cf^)Vi7&n 

3 2 aA« 

33 ^S'f^> 

3 4 nm:J^\^' ^'^iy^)\^fmm 

3 5 pMif:5? + i/i.JU^SJi 

3 6 nSxf^f + ix'i'^l'fiXSa 

3 7 nMF-:?'® 

3 8 F U 

3 9 ^T'- h^^M 

4 0 y— F^ffi 

4 1 V— 

5 0 ^ -f >>'^•- 

5 1 

5 2 mmmm^^)i 

5 3 

5 4 
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